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PEEFACE. 

Professor Wiedersheim's Gntndriss der vergleichenden 
Anatomie der WirbeUhiere, published at Jena in 1884, was 
written to supply a need which had been felt for some time 
past for a short text-book on Vertebrate Anatomy embodying 
some of the more recent views on the subject. The present 
book is a modified translation of the Grundriss, and it is 
hoped that it will serve to render Professor Wiedersheim's work 
more widely known amongst English students. 

The plan of the original has been retained throughout, though 
numerous additions and modifications have been made to the 
work ; for many of these I have to thank Professor Wiedersheim, 
— for others I am myself responsible. I must also express my 
indebtedness to Professor Wiedersheim for revising the whole 
translation with me last summer, and for much help while the 
work was in progress. 

Within the limits of a short text-book like the present, much 
of the matter is of necessity greatly condensed : more detailed 
accounts of the various parts and organs will be found in the 
new edition of Professor Wiedersheim's Lehrluch der vergL 
Anatomie der Wirbelthiere, which is to appear shortly, and on 
the first edition of which the Qmndriss was founded. 
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The brevity of the descriptions is, however, to some extent 
made up for by the number of woodcuts. Most of these are 
taken from the German edition, but several new figures have 
been added. 

The arrangement of the book according to organs, and not 
according to groups of animals, is likely to render it more difiicult 
for a beginner, and a general knowledge of zoology will be of 
great assistance. The pages on which the diflferent groups are 
described are, however, collected together in the index, so that the 
sections relating to any one group can be easily referred to. The 
present arrangement seems to be the only possible one if the book 
is to be founded on a scientific basis, for it is most important that 
the student should grasp the fact that there has been an evolution 
of organs, as well as of animals. 

The more theoretical and detailed matter is printed in small 
type, and in the form of notes : the student should in most cases 
pass this over when reading the book for the first time. A black 
and a spaced type have been used to render prominent important 
words or sentences. 

A bibliography is appended at the end of each chapter. This 
in no case presumes to be anything like a complete list of the 
literature of the subject : our object has been more particularly to 
mention the recent and the more important works, though many of 
these have doubtless been omitted. References to other researches 
can be found by consulting the works mentioned. 

At Professor Wiedersheim's suggestion, I have not inserted a 
translation of the preface to the original, as it seemed unnecessary 
so to do. I may, however, mention that the book was written 
for students of Medicine, as well as for those of Comparative 
Anatomy: the intimate connection of the two subjects renders it 
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most important that medical students should have a general 
scientific basis for their special anatomical knowledge. 

My sincerest thanks are due to my friends Professors F. 
Jeffrey Bell and G. B. Howes, who have kindly read through 
the proof-sheets. To them I am indebted for numerous valuable 
suggestions, as well as for correcting many faults of style and 
expression which had escaped my notice. I must also express 
my thanks to my father, Professor W. K. Parker, and to Dr. 
Gadow, for many special details in connection with the skeleton, 
as well as to Mr. E. Radford for help in making the index. 

W. N. PARKER. 



University Collkqe, Cardiff, 
May 1886. 



ERRATA AND ADDENDA. 

Page 46, 9th. line, /or "centra" read ** centre." 
83, 5th line, /or ** when" read "where." 
136, in Fig. 109, SR should indicate the space below ZfM, and the ]ine from A 

should point to the layer indicated by SB. 
249, Fig. 203, /or "Siluris** read "Silurus." 
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COMPAEATIVE ANATOMY. 



INTRODUCTION. 



I. ON THE NATURE AND MEANING OF COMPARATIVE 

ANATOMY. 

A THOROUGH knowledge of the animal body cannot be gained 
by Comparative Anatomy alone, and it is therefore necessary to 
call in the aid of other branches of science also, viz. : — 

1. Ontogeny; 2. Palaeontology; 3. Histology; and 4. 
Phsrsiology. 

The first of these treats of the developmental history of the 
individual, while the second has to do with the development of 
the races of animals in time (Phylogeny). As the different 
phases of development of the race are usually repeated to a 
greater or less extent in those of the individual, these two subjects 
help to complete one another. Thus the object of both alike is 
to enable us to ascertain the past by observing the present. 

The third-mentioned branch, Histology, teaches us about the 
structural elements — the building-stones of the organism. It 
shows how these elements are combined Id form tissues^ and how 
organs are constructed out of the latter. The organs again 
combine to form systems of organs. 

The structural elements consist primarily of cells and second- 
arily of cells and fibres^ and the diflferent tissues may be divided 
into four principal groups : — 

1. Epithelium^ and its derivative, glandular tissue. 

2. Supporting-tissue (connective-tissue, cartilage, bone). 

3. Muscular tissue. 

4. Nervous tissue. 

In accordance with their physiological character, epithelium 
and supporting-tissue maybe described as passive, and muscular 
and nervous tissue as active. 
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2 COMPARATIVE ANATOMY. 

By an organ we understand an apparatus constructed to perform 
a definite physiological function, as, for instance, — the liver, which 
secretes bile, the gills and lungs, in which an exchange of gases 
is eflfected with the surrounding medium, and the heart, which 
pumps blood through tlie body. 

.The.qrgaai-systems, which will be treated of in order in this 

book', iife: a^* follows : — 1. The outer covering of the body, or 

.... ^.intagunxent 5'§. The skeleton ; 3. The muscles, together with 

/.\- ;-•• V-dpfct^i^.ri'gapsj/ 4. The nervous system and sense-organs; 

5. The organs of nutrition, respiration, circulation, 

excretion, and reproduction. 

The closely-allied branches of science defined above are united 
together as Morphology^ as opposed to Physiology, which 
concerns the functions of organs, apart from their morphological 
relations. 

Morphology alone leads us to a satisfactory explanation of the 
structural phenomena of the animal body, for it not only reveals to 
us the law of heredity and the consequent relationship of 
animals to one another, but it also helps to explain certain de- 
graded and rudimentary forms, which, considered as isolated 
adult animals, would always remain absolutely incomprehensible. 
Further, it shows us on -the one hand how the animal organism 
is acted upon by the influence of its surroundings, and how it 
is apt to change gradually and more or less continuously ; and on 
the other hand how the capacity of adaptation resulting from 
these changes varies inversely with the persistence of inherited 
qualities. These two important opposing factors, adaptation 
and heredity, constitute the formative principle of the 
animal body. 



II. DEVELOPMENT AND STRUCTURAL PLAN OF THE | 

VERTEBRATE BODY. 

The structural elements described in the preceding section as j 
the building- stones of the organism, i.e, the cells, all arise from a 

single primitive cell, the egg-cell or ovum. This forms the I 

starting-point for the entire animal-body, and a somewhat full j 
account of its structure and relations must therefore be given here. 
The stages in its development will only be described in a very 

general manner. I 

The unimpregnated ovum consists of a rounded vesicle (Fig. 1), | 

in the interior of which the following parts can be distinguished : — . 

The vitellus (Z>), the germinal vesicle {£^B), and one or more I 

germinal spots (-O^. Of these, the germinal vesicle is the most > 

important physiologically (comp. p. 3). The outer-covering of the k 

ovum is spoken of as the vitelline membrane. ( 



INTRODUCTIOK 3 

Since the ovum in its primitive form as above described 
represents a single cell, we may speak of the vitellus ^ as the 
protoplasm of the egg-cell, the germinal vesicle as its nucleus, 
and the germinal spot as its nucleolus. An outer limiting 
membrane, corresponding to the vitelline membrane, is not an 
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Fig. 1. — Diagram of the Unimpregnated Ovum. 
/>, vitellus ; KB, germinal vesicle ; KFj germinal spot. 

integral part of the cell, but may be developed as a hardening of 
the peripheral protoplasm, consequent on a process of diflferen- 
tiation. 

In all Vertebrates, the contact of the generative products of the 
male, the sperm-cells (spermatozoa) is an absolute necessity for 
the development of the ova. A spermatozoon makes its way into 
the interior of the ovum, and a portion of it finally unites in a 
definite manner with the modified germinal vesicle to form a single 
body — the first segmentation nucleus. 

This moclification of the germinal vesicle takes place as follows. Before 
fertiliBation occurs, two polar cells^ are constricted off from the ovtim, part 
of the germinal vesicle passing into each, and the remainder being spoken of 
as the female pronucleus. The polar bodies are given off at different 
times in different animals : they may Be formed while the ovum is still within 
the ovary, or, on the other hand, they may arise at the time of fertilisation. 



^ The vitellus consists of two different substances — ^protoplasm and deutero- 
plasm (yolk)— in varying proportions in different animals. 

* The two most important views as to the meaning of the polar cells are those 
of (1) Balfour and van Beneden, and (2) Weismann. The first-named authors suppose 
that the egg, being a product of both sexes, is primitively hermaphrodite. By the 
extmsion of the polar bodies, the male portion of the egg is thrown out, and the 
remainder thus becomes unisexual (female), and ready for the entrance of the 
spermatozoon. This process would thus be a contrivance for the prevention of 
parthenogenesis. 

Weismann distinguishes in every animal body two kinds of cells, somatic and 
generative cells. As all the cells arise as products of the segmentation of the 
ovum, they are originally quite similar morphologically, and each would thus consist 
of a "somatic" and of a "generative" portion. In order that certain of them 
should give rise to definite generative cells, it is necessary that the somatic portion 
should be got rid of, and this is effected by the extrusion of the polar bodies. 

The fint hypothesis 'presupposes that in parthenogenesis no polar bodies are 
formed. "Weismann has lately, however, proved their existence m the partheno- 
genetic summer eggs of Daphnidse, and this view is consequently rendered impro- 
bable. In the development of the male generative ceUs, a certain portion of each 
primitive seminal cell also remains passive, not giving rise to spermatozoa. 

B 2 



4 COMPARATIVE ANATOMY. 

The head of the spermatozoon, on entering the ovum, is transformed into the 
male pronucleus,* which fuses with the female pronucleus to form the first 
segmentation nucleus. 

Impregn^ation then consists in a material fusion of the 
generative products of both sexes, and hence in the new 
individual we naturally find inherited qualities. The essential 
cause of inheritance consists in the molecular structure of the 
nuclei of both male and female germinal cells. This structure 
(idioplasm) is the morphological expression of' the characters of 
the species and individual. 
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Fig. 2. — Diagrams of the Sbomentation of thk Ovum. 

A, first stage (two segments) : RK, polar bodies. B, second stage (four segments). 

C, farther stage. D, morula stage. 



The next stages (Fig. 2) are as follows. The first segmentation 
nucleus divides into two equal parts, each of which forms a new 
centre for the division of the ovum into two halves. This division, 
the beginning of the process of segmentation^ takes place by 
the formation of a furrow round the egg, which becomes deeper 
and deeper, until the division is complete. 

The first stage in the process of segmentation is thus completed ; 
the second takes place in exactly the same way, and results in a 

^ If the e|rg is to be normally developed, not more than one spermatozoon must 
enter. The latter may either pass through a definite opening (micropyle), or else 
bore its way through the vitelline membrane. 
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division of the ovum into four parta, and by a similar process are 
formed eight, tben sixteen, then thirty-two spheres, and so on, the 
spheres becoming smaller and smaller, and each beiog provided 
with a nucleus. In short, out of the original ovum, corresponding 



Fio. 3.~DiAORAH or a iSnoMBKruu Mbroblastio Ovum. 
Bla, blastoderm j Do, yolk. 

to a single cell, a mass of cells is formed, which represents the 
building-inatenat of the animal body, and which, from its Ukeness 
in appearance to a mulberry, is spoken of as a morula.' 



Fig. 4.^BLAsrosPHBBE. 
BD, blastoderm ; Fff, segmontation cavity. 

In the interior of this morula a cavity (segmentation cavity) 
filled with fluid is formed, and the morula is now spoken of as the 
blactoiphere or blostula. The peripheral cells enclosing this 
cavity form the germinal membrane or blastoderm (Fig. 4, 

' A Bejrmantation of the entire ovum occurs in AniphiosnB, Cycloatomes, Stur- 
eeoD, LepidoateuB, Ampbibians, and Mammals (with the exception of Monotrsiooa). In 
Elssmobraochs, TeleoHteana, Reptiles, Bii'ds, and Monotremes. in which a very large 
amoont of food-yolk (deateroplaam) is present in the protoplasm, the eg^ ander- 
|(oes only a partial sef;mentatiou, the maiu mass of the yolk remaining undivided 
ftnd serving merely aa nutritive mateiial for the developing embryo. The former 
M« spoken of aa holoblastic (Figs. 1 and 2), the latter as meroblastic fFig. 3). 
The ^sa of the Stuiveon, LepidOHteus, ami in a less degree those of Cyclostomes anil 
AtnphlbianB. thongh noloblastic, approach the meroblaatic type. 
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BD).^ Consisting at first of a single layer of cells, the blastoderm 
later on becomes two- and tbeo three -layered. From the relative 
positions of these, they are spoken of respectively as the outer, 
middle, and inner germinal layers, or as epiblast, meioblast, 
and hypoblast.^ 

The ijuestion as to the origin of the germinal layera, on aooouot of its im- 
portant signification, ig one of the moat burning probleniB in Morphology, and 
as yet we cannot arrive at any fall and eatisfactory conclusion on the subject. 
It may, however, be affirmed with certainty that in all Vertebrates the blaato- 
Bphere passes — or did so in earlier times — into a eta^e called the GfUtrola.^ 
One must imt^ine this form as being derived prirailively from the blastula 
by anppoBing that the wall of the latter (Fig. I, BD) became pushetl in, or 

Jtlp 






KiQ. 6. — Gastaula. 
EH, epiblast ; Eni, hypoblast ; Blf, blastopore ; V, arehenteron. 

invaginated, at one part, thus giving rise to a double-walled sac (Fig. 5). The 
outer wall tlien represeuta the epiblast {Ekt), which functions aa an organ of 
protection and sensation, while the inner, or hypoblast (Eni), encloses a central 
space, the primitive intestinal cavity (arcnenteron), and represents the 
assimilating and d^eative primary alimentary canal. The opening of the 
latter to the exterior, where tne two germinal layers are continuous, representa 
the primitive mouth, and is called the blastopore (Fig. 5, Blp). 

Out of the epiblast arise later the epidermis and its derivatives, 
as well as the entire nervous system. The latter is formed as an 

' In meroblastic Verfebmte ova the blastoderm only estends jmrt of tho way 
round the periphery of the ovum (Fig. 3). 

' The terms ectodomi, mesoderm, and endoderm ^e applied to the corre- 
sponding layers in an adult animal. 

' The process of tho formation of the gastnda may be actually observed at the 
preaent day in the holoblostic ova of certain Fishes (see note, p. 6) and of Amphibia, 
and the same process essentially occurs in the meroblastic ova of other Fishes, though 
it is here more difficult to recujuise. In the case of the Amniots the difficulty is 
still greater, but although we have no direct proof of the existence of a gastrula 
stage, the Intimate connection of the developmental procesaea throughout the animal 
kingdom renders it a priori certain that the gaatrula is repMSMited in them. 
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involution of the thickened dorsal region of the embryo (medul- 
lary plate), which soon becomes constricted off from the epiblast 
in the form of a hollow tube — the medullary cord or tube 
(comp. Figs. 6 and 7), from which the brain and spinal cord are 
formed. The hypoblast gives rise eventually to the epithelium of 
the alimentary canal (Fig. 7, A and B, Ent) with its glands, as well 
as to the epithelial parts of the lungs, thyroid and thymus glands, 
liver, and pancreas. 

Though we can look upon the epiblast and hypoblast, — that is, both the 
primary germinal layers,* — as arising in the manner above described, the 
problem as to the origin of the mesoblast is as yet by no means settled. All 
that can be said at present is briefly as follows : — The mesoblast is a secondary 




Fig. 6. — Early Stage in the Differentiation of the Embryo. 

liD, blastoderm ; KS, germinal disk ; KA, body-walls ; jB, medullary cord, right 
and left of which are seen the mesoblastic somites ; Q^ brain. 



formation, and phylogenetically younger than the other two germinal layers. 
Keminding one in many points of the "mesenchyma" of Invertebrates, it 
always arises at first from the point where epiblast and hypoblast pass into one 
another, that is, from the region of the blastopore, or, what comes to the same 
thing in the higher Vertebrates, from the primitive streak. Originating 
between the other two layers, its first and most important function is the 
formation of blood-corpuscles — first of white cells (leucocytes, lyinph -cor- 
puscles); later it gives rise to the heart, blood-vessels, supporting and 
connective substances (connective- tissue, adipose tissue, cartilage, and bone), 
serous membranes (peritoneum, pleura, pericardium, arachnoid), excretory and 
reproductive apparatus, and muscles. 



^ Jt must be observed that this important difference in the histological differentia- 
tion of the individual germinal layers cannot be so definitely stated as regards the 
whole animal kingdom : in certain types of Invertebrates it is not so strongly 
marked. 
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D, slimeatarj canal ; Ent, hypoblitat, showing in Fig. A the thickeninf; which will 
form tha notoKhord ; Ch' (Fig. B), the notochord now eonstriotei off from the 
hypohlast ; UIV, meaoblastic anmite ; UQ, prinmry nritiiry dnot (segmental 
dnct) ; A, aorta ; SpP, eplanchnic and SoF, somntio tnesoblut ; Co, Col, ccelome ; 
IT, remitine of the npper part of the cielome in the interior of die mesablaatic 
flomites ; Ekt, epiWast ; Med, medullary cord : — in Fig. A it is shown still con- 
necttrd with the epiblssC, fiom which it has become constricted off in Fig. B. 

A large cleft appealing in the mesoblastic tissue divides it into 
a parietal layer (Fig. 7, A and B, SoP), lying along the inner 
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side of the epiblast, and into a visceral layer (^P), wbivh 
becomes attached to the hypoblast. The former, together with 
the epiblast to which it is united, constitutes the somatopleure, 
and the latter, together with the hypoblast, the splanchnopleure. 
The cavity separating these is the body-cavity, or ccBlome.^ 
The upper part of the mesobiast, or that which lies on either side 
of the medullary cord and notochord (see p. 10), becomes separated 
from the lower, and segmented to form a series of mesoblastic 



Fig. 8.— Diagrammatic TRANevKB£E Section through the Bodv of as Adult 



Med, spinal cord ; A!S, neural tube ; KWi body-wall ; Co, derma ; ^, epidermis ; 
VB, visceral tujw ; Jo, aorta ; ifc, mesentery ; Per, piaiebd layer of the peri- 
toneum ; Per', visceral layBr of the (>«KtOnetun ; Jfsc, muscnlsture of intel- 
tine ; Subm, connective-tiBaue coat of the intestilie ; Bp, epitheliam of intestine ; 
Its, lumen of intestine ; W, vertebrftl C(4aiRU. 

somites, or protovertebrae (Fig. 7, B, UW, S), which lose 
their cavities, and eventually give rise to the vertebral column 
and longitudinal lateral muBcles. 

The Vertebrate body is formed on a bilaterally symmetrical 
plan, and it may be described as consisting in the adult of two 
tubes, a dorsal and a ventral (Fig. 8, Nit, VR). The former, or 
cerebro-spioal cavity, encloses the central nervous system (brain 
and spinal cord), and may therefore be spoken of as the neural 

' The cixlome ma^arise aa a segmentally arranged seiies of outgrowthi from the 
arclienteron, ai, e.g., m Amphioxua (enteToctelee), or it maybe formed secondarily 
by a splitting (delamitiatiou) of the mesoblaatic tisane (schiioctele). Tbe fint of 
these moat be conaidered aa the moat priinitiTe. 
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tube ; the latter surpasses the former considerably in size, and, 
as it encloses the viscera, it may be called the visceral tube. 

A cellular, cartilage-like rod — the notochord (chorda dor- 
sal is), arising primitively as an axial thickening of the hypoblast 
(Fig. 7, A and B, CA, Gh})y forms the basis of the vertebral ccdumn, 
that is, the segmented axial skeleton which characterises the 
Vertebrate body.^ This segmentation of the axis, as well as of 
other organs and systems of organs (musculature, ribs, roots of 
spinal nerves, sympathetic cord, pro- and meson ephros), indicates 
that the Vertebrata must have arisen from' an invertebrate and 
tiegmented ancestral form. 

The anterior ends of the enlarged medullary cord and alimentary 
tract enter into a close relation with the outer world, the former 
giving rise to the brain and to certain parts of those" sense-organs 
with which the higher cerebral functions are connected, while from 
the latter are developed the mechanisms for the taking in of 
nutriment and for respiration. 

The anterior section of the embryo, or head, passes behind 
into the tr u nk, in the hinder part of which the anal and urinogenital 
apertures are situated. These parts are classed together as the 
body -axis, as distinguished from the limbs, or appendicular 
organs, which arise from the trunk. 

In Reptiles, Birds, and Mammals, a delicate investment, the 
amnion, is early formed round the embryo; it arises as a fold of 
the somatopleure (Fig. 9, AF, A), A sac-like out-growth from 
the hinder part of the primitive intestine {i,e, from the splanchno- 
pleure) gives rise to the allantois (At) whicl; becomes highly 
vascular, and in Reptiles and Birds extends round the embryo 
close under the egg-shell; it here serves as an embryonic respiratory 
organ. In all Mammals, except Monotremes and Marsupials, the 
allantois becomes attached to a definite region of the uterine wall, 
and from it vascular processes or villi grow out into crypts of the 
latter, which is also plentifully supplied with blood-vessels. Thus 
a placenta is formed, in which interchanges can take place both 
as regards nutritive materials and aeration between the blood of 
the mother and that of the foetus. ^ 

Considerable differences are observable in the form of the placenta in dif- 
ferent Mammals. The most primitive arrangement is most probably one in 
which the allantois becomes attached along adiscoidal region of the wall of 
the uterus, and the various modifications seen in the different groups may be 
looked upon as having arisen in order to increase the absorptive surface. This 
may be effected either by the area of that part of the allantois which is covered 
by placental villi becoming extended, or by the increase in complexity of the 
villi and crypts. In the latter case, the interlocking between foetal and maternal 
parts is so close that the mucous membrane of the uterus is torn away with 
the foetal part of the placenta at birth, and the latter is then said to be 
deciduate.- In the former case, the discoidal placenta may extend so as to 

1 la the lowest Vertebrates, the segmentation of the body is indicated mainly by 
somites. 
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KlO, 9, A, B, AND C— DlAaBABS II 

Allantois, and Yolk-Sac. 
TftANavBRKE Section. 
E, embryo ; Dk, alimentary tract ; Da, yolk-sac ; +, vitello-intestinal duct ; PP, 
body-carity ; Ah, amniotic cavity; AF, amniotic fold; A, amuiou ; Al, 
allantois ; a, Boniatopleare ; b, spUuchnopleni'e ; M, medullary cord ; C, notochord. 
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occupy a zonary area, or even so as to completely surround the fcetus, when 
it is spoken of as diffused. By the concentration of the villi of the diffused 
placenta into definite patches, or cotyledons, apolycotyledonary form is 
produced. 

Rodents, Insectivores, and Bats possess a discoidal deciduate placenta, 
and that of Sloths, Armadilloes, and Myrmecopha^ approaches the same type. 
In Carnivores, Elephants, Hyrax,and Orycteropus, it is deciduate and zonary. 
In all other Mammals the placenta isnon-deciduate, the maternal and foetal 
parts simply separating from one another at birth. Amongst these the poly- 
cotyledonary form is found in the Buminantsproper, and the diffused form 
in Suidae, Hippopotamus, Perissodactyla, Tylopoda, Tragulida>, Mania, 
Lemuridffi, Sirenia, and Cetacea. The mode of development of the meta- 
discoidal placenta of Primates shows that it has been derived from a diffused 
placenta, the villi becoming restricted in the course of development to a 
disk-shaped area, and their complexity increasing at the same time (Balfour). 

In the course of development the embryo becomes more and more folded 
off from the volk-sac (umbilical vesicle) (Fig. 9, Do), the stalk of which latter, 
and that of the allantois, enveloped by the base of t^e amnion, together form 
the umbilical cord. At birth, the festal membranes are shed, the intra- 
abdominal portion of the allantois persisting as the urinary bladder and the 
urachus (cp. the chapter on the vascular 83*8tem). 

Amongst Elasmobranchs, Mustelus Isevis and Carcharias possess a kind of 
placenta formed by the yolk-sac, which becomes raised into folds fitting into 
the vascular walls of the oviduct. Indications of such an umbilical placenta 
are also seen in the early stages of Insectivora, Cheiroptera, and Bodentia. 

Further investigations on -the umbilical sac and allantois in Marsupials and 
Mouotremes are necessary. Indications of an umbilical placenta have been 
observed in the former group. 
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Systematic Zoology. 

On the ground of their relationship to one another, animals 
have been classified into certain divisions and subdivisions, which 
are designated as Classes, Orders, Suborders, Families, 
Genera, and Species. 

A general classification of the principal existing Vertebrate 
groups is given in the following table. 

A. Acrania. 

Amphioxiis. 

B. Cnmiata. 

I. CYCLOSTOMATA (Suctorial Fishes). 

1. PetromyzontidsB. 

2. MyxinoidsB. 

II. GNATHOSTOMATA (Animals provided with jaws). 
(a.)ANAHNiA (without amnion). 

1. Pisces (True Fishes). 
a. Elasmobranchii (Sharks and Rays). 
/3. Holocephali (Chimaera and Callorhynchus). 
y. Ganoidei. 

1. Selachoidei (Cartilaginous Ganoids — Aci- 
penser, Polyodon, &c). 

2. Teleostoidei (Bony Ganoids — Polypterus, 
Lepidosteus, Amia, &c.). 

d. Teleostei. 

1. Physostomi (with open pneumatic duct between 
the air-bladder and pharynx, e,g. Cyprinus, 
Salmo, Silurns, Mormyrus). 

2. Physoclisti (air-bladder, when present, with 
closed pneumatic duct, e,g, rerca, Gadus, 
Lopbius). 

2. Dipnoi. 

1. Monopneumones (Ceratodus). 

2. Dipneumones (Protopterus). 

X Amphibia. 
a. Urodela. 

1. Perennibranchiata (Proteus, Siren, Minobran- 
chus). 

2. Caducibranchiata. 
Derotremata (Amphiuma, Menopoma). 
Myctodera (Salamandra, Triton, Ambly- 

stoma). 
/3. Anura (Frogs and Toads), 
y. Gym nop hi on a (Footless Ctecilians). 



lohtliyopsida. 
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Sanropsida. 



(b.) Amnio T A (Vertebrates which develop an amnion during 
fcctal life). 

/ 1. Keptilia. 

I a. Crocodilia (Crocodiles and Alligators). 

I /3. Lacertilia (Lizards). 

I V. Chelonia (Turtles and Tortoises). 

0. Ophidia (Snakes). 

2. AvES. 
a. Ratitse (Cursorial Birds— Ostrich, Rhea, Emeu^ &c.) . 
/3. Carinatse (Birds of flight). 

3. Mammalia. 
a. Prot'otheria or Ornithodelphia (Monotremata 

— Omithorhynchus and Echidna). 

/3. Metatheria or Didelphia (Marsupialia— Kan- 
garoos, Phalangers, Opossums, &c.). 

y, Eutheria or Monodelphia (Placentalia). 
Edentata. - s\o4.v 
Sirenia.- ~ <3^u«^ow- 
Cetacea. ' wXaV^ 

UngUlata. ' T^AW^.^V^T.\vv\<J 

Hyracoidea. - ^^'^v^ "*■> 
Proboscidea. - J» ^< ipV^N^i^V 
Bodentia. - •< t*. V v > V 
Cheiroptera. — >o-«.^v 
Insectivora. ^ >w oV <^ 
Carnivora. - ^<^ 
-^ Lemuroidea. - Vtv/v^^j t> 
Primates. - ^v^ tv v^ 
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SPECIAL PART. 

A. INTEGUMENT. 

The skin consists of a superficial ectodermal and a deeper 
mesodermal layer. The former is called the epidermis (scarf- 
skin) and the latter the derma (corium, cutis). The subcu- 
taneous connective tissue is usually not sharply marked off 
from the derma, but either passes gradually into the other. The 
epidermis always consists of cells only, while the derma is made 
up principally of connective-tissue fibres, as well as those of an 
elastic and contractile nature. Nerves, glands, pigment-cells 
(chromatophores), bony-structures, and vessels occur principally 
in the derma, the last two being found in this part of the 
integument only. 

The dermais also permeated throi^hout by leucocytes (white blood-corpuscles), 
and this is especially the case in Fishes. These leucocytes penetrate to the 
siiperficial layer of the epidermis, and carry pigment granules.^ Here they 
take on amoeboid movements, and break up into numerous small pigment- 
containing particles, Which are taken up by the epithelial cells. 

From what has been said above, it is clear that the skin pre- 
sents much variety both in form and function, and this cannot 
be wondered at when one considers how accessible its outer surface 
is to external modifying influences. • 

In the epidermis two layers may always be distinguished : — an outer, 
composed of homy cells (stratum corneum, hornjr layer), and a deeper, 
made up of soft protoplasmic cells (stratum Malpighii, mucous layer). 
The latter serves as a matrix for the regeneration of the homy layer, 
the superficial part of which is continually scaling off. From the epidermis 
all the glands of the skin, and all other parts spoken of as epidermic 
structures take their origin. Such are hairs, bristles, feathers, nails, claws, 
hoofs, &c. The peripheral sensory end-organs of the skin are to be con- 
sidered as arising by a differentiation of epidermic cells : the definite relation 
which many of uiese organs have with the derma must be looked upon as a 
secondary acquirement. 

1 Pipnent is never formed in the epithelial cells themselves, but always originates 
in the derma. 
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Aniinala living in the water mostly poasess a. thinner homy layer which is 
inor« capable of imbibition than that of laud animals, which lattei are usually 
exposed to more mechanical dangers than the former. It may also be 
mentioned that the connective-tissue bundles in the derma of Fishes, 
Amphibians, and Reptiles show a typical arrangement in alternating 
horizontal auu vertical strands. Their disposition in Birds and Mammals is 
irregular, that is, the fibres are more thoroughly felted. 

Fishes. — In AmphioxuB, the surface of the epidermis is 
covered with cilia in the larval (gaatrula) condition,, and this ^ 



^' 



Bp, epidennia ; Co, derma ; F, subcutaneous fat ; CS, cuUcuIar mar^n ; B, B, aUme- 
cbUs (goblet-c«lls which open on the surface) ; Ko, goblet-cellB ; JiS, granular 
cells present in Petromyzon ; O, vessels which pass upwards in the vertical oon- 
nective-tisBue bundles of the derma j Jf, horizontal connect ive-tisaue bundles. 



must undoubtedly be considered as inherited from Invertebrate 
ancestors. The striated cuticular border of the outer epidermic 
layer in many fishes (e.g. Cycles tomes, Teleostei, and Dipnoi), 
and, as will be mentioned presently, in Amphibian larvse, is perhaps 
to be explained in the same way, the atriation possibly correspoading 
to coalesced cilia (Figs. 10 and llA, CS). 

In Amphioxne and the CycloB tomes long cylindrical cells provided with 
stiS brietle-like processes appear amongst the ordinary epithelial cells. These, 
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as well as similar elements connected with complicated pieces of apparatus 
will be treated of later in connection with the sense organs. 

The meaning of the "granular cells" present in the integument of 
Petromyzon, as well as of the so-called "club-" and "goblet-cells" in the 
many-layered epidermis of osseous Fishes, is as yet by no means clear ; it 
is, however, not improbable that the latter of these have to do with the pre- 
paration of a secretion which protects the outer skin from tlie action of 
the water. 

The scales of Fishes lie in connective-tissue pouches of the 
derma, and are formed as ossifications of the latter. In Teleostei 
they are covered by the epidermis throughout life ; in Ganoids and 
Elasmobranchs this is only the case in the larva. (For further 
details compare pp. 31 and 32.) 

Pigment-cells (cp. p. 16), which are under the influence of 
the nervous system and are able to cause a change of colour, are 
present sometimes in both layers of the integument, sometimes in 
the epidermis only. Muscles and glands, such as are found 
in the skin of other Vertebrates, are not usually present 
in Fishes.^ 

Phosphorescent organs are present in the integument of some Fishes. 

Amphibia. — The structure of the integument in larval Am- 
phibians somewhat resembles that of Fishes, while in adults it 
more nearly approaches that seen in Reptiles. 

The epidermis of those larvae which live in the water consists 
of two sharply differentiated layers. The outer layer is made up 
of flat cells with a striated border (Fig. llA, CS) on their free edge, 
like that already described in Fishes : the inner layer is composed 
of more cylindrical or cubical cells (b). The former corresponds to 
tbe stratum corneum, the latter to the stratum Malpighii. 

Later, with advancing development, the layers of the epidermis 
become more numerous, and involutions towards the derma take 
place in all parts, giving rise to a great number of globular and 
tube-shaped glands, which are particularly abundant in certain 
regions — more especially in the head and flanks. 

Their secretion serves to keep the skin moist, but, as experi- 
ments have shown, it also forms an important weapon of defence, 
on account of its poisonous properties.^ 

^ There are, however, sevewil exceptions to this rule. In male Elasmobranchs 
there is a large glandula pterygopodii (gland of the clasper) at the base of each 
pelvic fin. It arises as a tube-like invagination of the skin, and is in relation w-ith 
the copulatory organs (cp. the chapter on these organs). In the Weever (Trachinus) 
there is a series of poison -glands lying on either side of the bnses of the spines of the 
dorsal fin ; they are situated at the bottom of integumentary sacs, and their ducts 
open close to the bases of the spines. In Thalassophryne the operculum is pro- 
vided with a hollow spine, at the base of which a poison-sac is situated, and in 
Synanceia there are also a series of ** poison-bags " at the bases of the grooved 
dorsal spines (Gunther). Poison organs appear to be present in certain other Fishes " 
(many Siluroids, Aetobatis) but the existence of actual glands is not certainly known. 

'^ The poison has no effect on other individuals of the same species ; but it nets 
very powerfully on closely allied forms, as well as on the higher animals. 
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This richness in glands is a characteristic of the 

skin of Amphibia, and to it they owe their moist and slippery 

nature Frequently, as for lObtance in Toads the skin is not 

smooth, but has a rough, warty appearance caused by local 

^ proliferations of the epidermis 




Fig IIa — Skin of Lakva or Salamander (SalaTnandTo maculoia). 
Ep, epidermis ; Co, denna ; a, Btratum corneum ; b, stratum Malpif^hii ; 



The pigment, accumulated principally in the derma — partly 
diffused, partly enclosed within the cells — is under the control of the 
nervous system, and thus renders a change of colour possible; 
and as the colour becomes modified according to the surroundings of 
the animal, it may serve as a protection. 



Fig. 11b.— Section through tbe Skin op Adult Sal am Andes (.S'. ^nacvJoaa). 

Ep, epidermis ; Co, derma, in the richly pigmented {Pi) connective -tissue stroma of 
wliieh the varioiiB sized inteftumenlaiT glanda {A, C, B, D, E) lie embedded ; Af', 
Ihe muBcular layer of tlie glands, lying within the membrana propria (iV) ; M, 
the same, seen from the surface ; E, epithelium of glanils ; S, secretion of 
glands ; iliit. subcutaneous layer of mnacles, through which vessels {(?) exten<! 
towards the derma. 

Calcifications may also occur in the derma, or, as in Cera- 
tophrys dors a ta, definite bones may be formed. Such bony platea 
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were much more abundant in Amphibians of former times ; those 
of the Carboniferous and Trias (Stegocephala, Labyrinthodonta) 
were richly provided with them. 

For a further reference to the ring-like scutes and scales found in Csecilians, 
the reader is referred to the chapter on the dermal skeleton, and it is only 
necessary to state here that the rings accurately correspond in number with 
the vertebrae, — a very rare occurrence. The same is true of certain Amphis- 
bsenians {e.g. Blanus chiereus), 

Reptilia. — In contrast to the skin of Amphibians, that 
of Reptiles is very deficient in glands. In Lizards, a series 
of "femoral glands" occur along the ventral side of the thigh, 
the secretion from which, as it passes out of the apertures, hardens 
so as to form a series of papillae or warts, which appear to serve as 
clasping organs during copulation. In Amphisbsenians integu- 
mentary glands are also present : they lie anteriorly to the cloaca, 
and open into the " pre-anal pores.'* 

The characteristic peculiarity of the skin of Reptiles 
is its capacity of producing scales^ warts^ prickles, shields 
(e.g. the " tortoiseshell *' of Chelonians), claws, rattles (of Rattle- 
snake), and suchlike structures. 

All these integumentary organs, as already mentioned (p. 16), 
are to be included in the same category as the feathers of 
Birds and the hairs of Mammals : that is, all arise at first by a 
proliferation of the epidermic cells, a portion of the dermal tissue 
taking part in their formation later on. Certain special differences 
are, however, always to be observed in the development of these 
different structures, as will be mentioned presently. 

As in Amphibia, calcifications or ossifications may occur in 
the derma. The horny layer of the epidermis may be either 
periodically cast off entire (Snakes), or in shreds from time to 
time : it is renewed from the Malpighian layer. Pigment-cells 
also occur, rendering possible in many cases a change of colour 
(e.g. Chameleon). 

Birds. — Birds possess a thinner derma than do any other 
Vertebrates, and it is not very plentifully supplied with* blood- 
vessels, although, as will be mentioned in another chapter, sensory 
organs (tactile corpuscles) are abundant. In the deeper layers 
there is a strongly developed network of muscle-fibres, which are 
inserted into the feather-sacs, and serve to erect the feathers. 

The feathers, arranged in so-called " feather- tracts " (pterylae) 
separated by naked regions (apteria), form the most marked 
peculiarity of the body of Birds, and their development is very 
instructive. In the region where a feather is to be formed, the 
dermal tissue becomes raised up towards the ectodenn (Fig. 12, A, 
CUf Sc, SM^), and thus gives rise to a papilla (Pap). As this papilla 
grows out to form an elongated cone with a pointed apex, the 
feather-germ (Fig. 12, B,FK), its base sinks gradually deeper and 
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deeper into the derma, and thus becomes surrounded by a sort of 
pocliet — the feather-foUiclo {F, F^). 

The horny, as well as the Malpighian layer of the epidermis 
{Be, SM) extend3 into the base of the follicle, and thence into the 
feather-germ (&', SAP-), the interior of which is tbroughout filled 
by cells of the derma, which give rise to the pulp (P). As the 
feather-germ keeps ou growing, the cells of the Malp^bian layer 







Fig. 12.— Six Stai-.ks in the Duvei.ofment of the Ft 
(Mainly Hfter Tli. Studer.) 
(::t, denna ; SM, stvatum Malpighii ; Sc. stmtum oornoum ; SIP, Se\ f 

these tissues intc the fenther-papilla, Ftp; FK, feather-genn ; F, F', festher- 
foUielo ; P, pulp ; Fnl {SM^j, folds of tlic Malpighiim layci exteudiiig into the 
fiiatlicr-genn, and enclosed exteiTiRlly by the homy Iiiyer, HS {Sc') : both layers 
are seen tti the tranarerse sactioii (C) ; FSp, quill of feather, whieh breaks up 
above into a tuft of luj's or barbs (HSl) ; sec, sec, secondary rays (baibulea) 
arisiDg from the latter ; It, raeliis ; V, vexillum. 

For further details as to the different slaRfs A~F, compere text. 
If one Bup]ioaes that in Fig. A the papilla grows and beeomes flattened and 
Itnt downwni-ds posterioilj, and that ossification occure in the dermal portion, 
the essi^ntiul mode of development of a scale would be arrived nt. 

begin to proliferate rapidly, giving rise to a series of ladial folds 
arranged jlong a central axis, which extend inwards towards the 
pulp, and are immediately bounded by the homy layer (Fig. 12, C, 
Fal (SM^) and IIS (Sc'). These folds then become comified and 
separated from the sunounding cells, and, by a gradual drying of the 
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central pulp-substance, give rise to a tuft of homy rays, which are, 
however, at first bound together by the enclosing stratum cor- 
neum. Most Birds are hatched when the feathers are in this 
stage of development, and they thus appear as if covered with 
pencil-like hairs. 

By the shedding of the surrounding horny layer the rays or 
barbs become free (Fig. 12, D, HSf), and if they are all similar to 
one another, an embryonic down- feather (pluma) is formed. 
The whole feather-germ, however, does not become divided up into 
barbs in this manner: its lower portion, embedded in the skin, 
retains a more uniform character and forms the quill (calamus) 

The embryonic down-feathers (Fig. 12, E), on the individual 
barbs of which smaller secondary rays or barbules become 
developed (sec, sec), may retain their character as such throughout 
life or may be replaced by definitive feathers. In this case a second 
follicle early arises from the base of the follicle of the down-feather, 
with which it is connected by a cellular cord, and which it closely 
resembles in. structure (Fig. 12, D, F^). The papilla developing 
within the interior of this new follicle grows rapidly, gradually 
pushes the base of the down-feather out of its follicle, and comes 
to the surface. Each definitive feather at first closely resembles a 
down-feather in structure, and consists of a tuft of similar rays or 
barbs provided with barbules. In the course of further growth, 
however, one of the rays becomes rapidly thickened, and forms a 
main axis or stem (scapus), to which the barbs are attached on 
each side. ' The proximal or basal portion of the scapus which bears 
no barbs is called the quill (calamus), and the distal part, to 
which the barbs are attached, the shaft (rachis). The barbs 
together constitute the vane (vexillum) (Fig. 12, F, R, HSt, sec). 
The secondary rays or barbules are so arranged on each barb (HSt) 
as to make the latter resemble an entire feather in appearance. 

In man}' Birds, each quill of the ordinary feathers of the body bears two 
vexilla, the second being spoken of as the aftershaft (hyporachis). 

In this manner the contour feathers (pennse) are formed, 
such, for instance, as those on the wings and tail. The individual 
portions of the vexillum usually become very closely united 
together, so that an extremely strong and resistant though pliant 
structure is formed. 

A periodic casting of feathers, or "moulting," takes place 
in all Birds, and corresponds to the similar process of the casting of 
the outer skin in Reptiles ; in Mammals there is a continual scaling 
off of the epidermic cells of a similar nature. 

The feather-covering of Birds must have been acquired in very early 
geological periods, for Archaeopteryx, found in the Jurassic strata of 
Bavaria, possessed well-formed feathers with a very delicate shaft and vane. 
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Palseontological resenrclies have not yet brought to light any rtetinite inUr- 
mediiite stages between scales and feaHiers, but that they must once have 
existed is shown by the development of these structures (coaip. Fig. 12 and 
description). 

There is no trace of proper dermal bones (denuostoses) ^ or 
calcifications in the skin of Birds, and the glands are reduced to 
a single mass — the uropygial gland: this is situated at the 
base of the tail (uropjgium), and its secretion serves to oil the 
feathers. 

Epidermic structures, such as ciaws, spurs, foot-scales, 
and beak-sheaths, are strongly developed. 



r+-Ti 


^ •->' 


it*- 


1-s.v- 

-C-- 


■^ 


/.rs^^-Y's^-. ■ 


SWj 


-Mis 

c 




-^ 


D 



Fill. 13.— Six SiAOEa in the Devhlopmen-t of Haib. 
.?c stratum cornaum ; SJ/^. atratnui Malpighii ; C, derma; F, follicla ; Dr, sebaceous 
eland ; C2, central, and PZ, poiiriietal zone of the hair-germ ; EK, h»ir-knob: 
P, beainnins of the formfttion of tiie hair-papilla ; P\ the same in a later sta^ 
of development, when it has become vascular. 

Mammals. — The hair-like structures possessed by certain 
Reptiles and Birds are histologically quite distinct from the 
ti'ue hairs of Mammals. The poFsei:sion of hairs characterises ■ 
Mammals quite as much as feathei-s distinguish Birds fiom all 
other animals. 

1 See note on p. 62. 
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Each hair arises first as a proliferation of the epidermic fcells in 
the region of the Malpighian layer, which projects inwards towards 
the derma (Fig. 13, A and B, Sc, SM, C). In this manner the 
hair-germ is formed. The thickening of the epidermis then 
grows out into the ft^rm of a papilla, and becomes surrounded 
by the cells of the derma, so that, as in the case of the feather, 
it comes to lie within akind of pocket, the hair-follicle (Fig. 13, 
C, D, F), The originally uniform mass of cells of the hair-germ 
later becomes differentiated into a peripheral and a central 
portion (Fig. 13, E, F, FZ, GZ). The latter consists of more elong- 
ated cells, and gives rise later to the hair-s-haft with its medulla 
or pith, and to the cortex, as well as to the cuticle of the shaft, 
and to the so-called inner root-sheath ; the former gives rise to 
the outer ^root -sheath (comp. Fig. 14, which represents the 
fully-formed hair). The base of the hair-shaft which fills up the 
bottom of the follicle is broadened out to form the hair- knob 
(Fig. 13,E, F,.^if), and the richly vascular hair-papilla (Fig. 13, E, 
F, P, P^), which arisen comparatively late, extends into it from 
below. At Di\ in Fig. 13, the sebaceous glands are seen 
arising by a prohferation of the Malpighian' cells. The hair usually 
breaks through the skin in an oblique direction. The character of 
the medulla varies so much that upon it principally depend the 
differences observable in the hair of Mammals.^ The colour of the 
hair is due to three causes : — Firstly, to the greater or less accumula- 
tion of pigment in the cells of the cortical layer ; secondly, to the 
air contained in the intercellular spaces of the medulla; and lastly, 
to the nature of the surface of the hair, i.e, ivhether it is rough 
or smooth. 

The hair-sheaths consist of an outer, or dermic coat (Fig. 
14, F, F)y and of an inner or epidermic coat, the so-called 
root- sheath \WS^ WS^). The first of. these is formed entirely 
from the connective-tissue of the derma — that is, from the above- 
mentioned hair-sac or follicle, — while the latter is a product of 
the Malpighian layer, with which it remains in connection. 
Between the two hair-sheaths lies a homogeneous and thia 
hyaline-layer (GH). 

The follicular tissue, which is richly provided with blood- 
vessels, extends into the knob-like base or root of the hair-shaft 
(bulbus), and gives rise to the hair-papilla (Fig. 14, HP), The 
latter is the real matrix of the hair, and from this region a new 
hair-shaft may develop when the hair is shed, periodically or 
non-periodically as the case may be, by the formation of a new 
papilla. Whether new hairs arise in the same manner as in 
the embryo ("primary hair-formation") cannot be stated with 
certainty. 

Smooth muscles (arrectores pili) and nerves, as well as soba- 

^ In Bats, the hairs arc nstially distinguished by scale-like projections of their 
surface. 
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ceous glands (Fig. 14, HBD), are.in connection with each hair-sac, 
the latter serving to oil the hair.^ 



FlO. U.^LONOITITDINAL SECTION THROUGH A Haib. (DlagL'animtttic.) 
.S'e, slJ«tum eorneum ; SM, stratum Malpighii ; Co, derma j Ap, arrectores 

Ft, adipose tissue ; F, auC«r longitudinal layer, and J", inner transverse layer 
of dermic coat (both composed of connect! ve-tixsne) ; Seh, hair-shaft ; &I, 
medalla ; R, cortex ; 0, ctitiele of shaft ; WS, IfS^, eitemal and interna' 
root-aheath, — the latter reaches above only as far as the point of entrance o 
the dncts of the aoba/^eoua glanda [HBD) ; HP, hair-papilla, containing vessels 
OH, hyaline layer, which ties between the inner and outer hair-sheaths, i e., 
between the root-sheath and the follicle (dermic coat). 

As feathers are arranged . in definite tracts, so also hairs are 
disposed more abundantly on some parts of the body than on others. 



;9 pili hare also the function of compressing the glands, though the 
latter are provided with muscles of their own, the development of which is in inverse 
proportion to that of the proper hair- muscles. 



26 U(JMPAKATIVK ANATCIMIT. 

A richer hniry coverin^^ (lanugo) ia oft«n met witb in the embryonic 
condition — as, for inatance, in the hiinian fcetus — tliaii occurii luter ; and this 
fact, together with the occasionnl appearance of abnormally hairy individuals, 
indicates that at one time man was distinguished by a far more abundant 
clothing of hair than at the present day. In the norma! condition the Ainos 
and the Australians are the most hairy races. 

When pigment is present, it is always situated in cells of the 
Malpighian layer; particular parts, as, lor instance, the external 
genitals (labia majora and scrotum), the arms, the teats, and the skin 
of the axiJlie in Man, are especially well provided with it. 

The outer layer of the derma, as may be seen by a glance at 
Fig. 15, may be divided into an outer papillary and an inner 
reticular portion. The former contains both nerves and blood- and 



Fio. 15. — Section I'HHOfOB the Human Skin. 

Sc. stratum coraeum ; SM, atratnm Malpighii ; Co, derma ; F, F, sobcataneoua 
fat ; NF, neiTe-papills ; OP, vascular napi I lie ; A^and G, nerves and vesseU of 
the dei-ma ; SD, SB, sweat-glanda, with their ducts {SB^, SD') ; E, hair vrith 
sebaceous glands {D). 

lymph-capillaries; the latter, on the other hand, becomes lost 
without any sharp boundary line in the sub-dermal connective- 
tissue, and in the more or less strongly-developed fatty layer 
(panniculus adiposus). Smooth muscle elements are distributed 
throughout the derma; they are particularly abundant in the 
scrotum (dartos) and in the teats. 

The integumentary glands are tube-shaped or else berry- 
ghaped or globular. The former kind, which we must consider as 
themost simple and primitive, include the sweat-glands and their 
modifications {e.g. ceruminous gl and s) ; while the latter, which are 
more highly developed histologically, are spoken of as sebaceous 
gl ands. To the latter group belongthe already-mentioned glands 
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of the hair-sacs, the glands of the prepuce, the perineal glands 
present in many Mammals, the glandular dorsal grooves of the 
neck of the Chamois, the Meibomian glands of the eyelids, and 
many others. 

Epidermic structures play a very important part in Mammals: such 
are — claws, nails, hairs, bristles, and spines (Hedgehog, Porcupine) ; the so-called 
whale-bone (baleen) of the Mystaceti, the nasal horns of the Rhinoceros, the 
scales of Manis, and the palatal plates of Sirenia, belong to the same category. 

Mammary Glands. — The mammary glands, which stand in 
such a close relation to reproduction, are entirely confined to the 
Mammalia, which owe their name to the possession of these organs. 
Their phylogenetic relations are by no means clear ; they must, 
however, be considered as modified integumentary glands 
(sebaceous glands). 

The so-called mammary pouch of Echidna ^ may be taken as a 
point of origin of the different forms of teats. It consists of a 
pocket-like in-sinking of the skin of the abdomen, which is 
possibly only formed periodically ; in it the eggs or unripe young 
appear to be protected. How the latter, in the absence of true 
teats, take in the milk is not at present known. 





Fig. 16. — A, True (Secondary) Teat ; and B, Pseudo- (Primary) Teat. 

This pouched condition repeats itself ontogenetically in every 
Mammal by the epidermis extending inwards towards the derma, 
and cylindrical more or less branched processes arising from the 
base of the pouch thus formed. These processes only are the 
proper glands, the mammary pouch being simply a part of the 
outer surface of the skin which has sunk inwards, and thus it may 
give rise to hairs and other integumentary structures. 

The teats may become developed in one of two ways. In 
the first of these, the skin surrounding the pouch becomes 
raised up, and so forms a teat perforated by a canal, into the 
base of which the proper ducts of the gland open (Fig. 16, B). 
In the second case, the gland surface itself becomes elevated into 
a papilla, while the surrounding skin remains almost on a level 
with the rest of the integument (Fig. 16, A). In the latter 

* Whether the absence of a pouch in Ornith^rhynchus is the more primitive or 
secondary condition is not certain : possibly one is formed periodically during ** heat. " 
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case the teat may be described as true or secondary (Mar- 
supials, Rodents (? all), Lemurs, Monkeys, and Man), and in 
the former as a pseudo- or primary teat (Carnivora, Pigs, 
Horses, and Ruminants). The lattej condition is already 
sketched out in certain Marsupials {Phalangista mdpina). 

As a rule the number of teats corresponds to the number of 
young bom at a time. They are often situated in two nearly 
parallel rows along the ventral side of the thorax and abdomen, 
which gradually converge towards the inguinal region : in other 
cases they may be restricted either to the inguinal (Ungulates and 
Cetaceans) or to the thoracic region (Elephants, Sirenia, many 
Lemurs, Cheiroptera, and Primates). 

In the human male, the mammary apparatus becomes aborted, thouf^h 
usually at birth and puberty true milk, the so-called " witches' milk '' 
(Hexenmilch), is produced. Male goats and castrated sheep have also been 
known to give milk. The occasional existence in men of supernumerary teats, 
and in women of supernumerary mammae and teats (polymastism and poly- 
thelism) is very remarkable. They are usually situated in the thoracic region, 
and must be considered as an atavism to a characteristic primitive form which 
possessed numerous teats, and which produced a number of young at a time, 
ouch a transition from polymastism to bimastism may be seen plainly at the 
present day in the Lemurs : in them the inguinal and abdominal teats are under- 
going a retrogressive metamorphosis, while a single pair of thoracic teats remain 
well developed.^ This accords with the fact that most Lemurs bear only a pair 
of young ones at a time, which they carry with them at the breast. 

The glands, which are at first solid, become secondarily hollowed 
out and differentiated into acini, mammary ducts, milk 
sinuses, and excretory ducts. The whole intermediate tissue 
during lactation is filled with white blood-corpuscles (leucocytes), 
and possibly the well-known stractural elements of milk, known as 
colostrums and milk-spheres, owe their origin to these corpuscles, 
which have passed through the walls of the acini. 
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B. SKELETON. 

I. DERMAL SKELETON, 

The dermal skeleton, as phylogenetically the older, ia best 
considered before the endoskeleton. Its relative age ia shown 



Fw, 17 (after 0. Hertwig).— o, Dermal Akuatuhe of Bypostmna commnm: (a 
Siliiroid) ; b. Denticles fhoh thb Skin of the Abdomen of Callichihya ; c, 
Plates sbom the Tail-fin of HyyosUxma, 
Z, dennal denticles, shown broken off from their haaes at Z^ ; BP, basal plate. 

not only by Paljeontology,^ but also by Ontogeny, inasmuch as 
calcifications and ossifications in the derma or perichondrium 

^ As ezamples of ancient forms which were protected by well-developed dermal 
ukelelons, may be mentioned the armoured Fishes of the Devonian and Silttrian 
strata, and the armoured Amphibians of the Caiboiiiferous, Trias, and Jurassic. 



' DERMAL SKELETON. 31 

appear much earlier in the developing animal than do definite 
ossifications within ptirticular parts of the cartilaginous skeleton. 
The condition which obtains in Fishes and Amphibia well illustrates 



Fig. 18, ^Dermal Denticles of ProlopU-i-u 



this. To take a single example : the young File-fish (Balistes) is 
provided with a complete dermal armour at the time when the , 
ossification of the primordial cranium has hardly begun. 



Fio. 19.— Debmai. Abmaturk op Callichlhys. 



The exoskeleton originates by the formation of small denticles 
{Figs. 17 and 18) attached to basal plates, which lie scattered over 
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the whole skin, and which exhibit exactly the same structure as 
the teeth proper, which will be described later. 

Such dermal denticles are found in the skin ofElasmobranchs, 
Ganoids, Siluroids, and Dipnoans; the large shields, which, in 
the armoured Ganoids and Siluroids (Fig. 19), Lophobranchii and 
Plectognathi, become united to form a strong bony cuirass, may be 
derived from the gradual fusion of the above-mentioned basal- 
plates to form bands and networks. One may even extend this 
still further, and derive phylogenetically all the scales of Fishes, 
as well as the investing bones of the pectoral arch {e.g. 
Teleostei) and of the primordial skull in the same manner (cp. 
Fig. 53).i 

Fossil genera of Amphibia have bequeathed but slight traces 
of this strong dermal armour to the existing forms of the group : 
as examples may be mentioned the bony plates in the skin of the 
back of certain Anura (Ceratophrys dorsata and Ephippifer auran- 
tiacus), as well as the scales lying between the ring-like scutes of 
the footless Amphibia (Gymnophiona) (comp. p. 20). The latter 
may be derived from such a scaly covering as that of the ancient 
Salamander (Discosaurus) of the Carboniferous formation. 

The dermal skeleton of fossil Reptilian genera, as, for instance, 
of many Ornithoscelida (Stegosaurus), was still more highly 
developed. In these, enormous bony plates and spines, sometimes 
as much as 63 centimetres long, were present in the dorsal region. 
Teleosaurus also, as well as the Triassic Aetosaurus ferratus, 
possessed a strong exoskeleton. Amongst existing Reptiles, the 
Crocodiles, many Lizards (Anguis, Cyclodus, Scincus), and more 
especially the Chelonia, exhibit a well-developed dermal skeleton. 
In the latter group a dorsal and ventral shield (carapace and 
plastron) consisting of numerous pieces and completely enclosing 
the body must be noticed. Both arise independently of the endo- 
skeleton, which is preformed in cartilage, that is to say, they are true 
exoskeletal membrane bones (cp. note on p. 62) ; the exoskeleton, 
however, comes into the closest relation with the endoskeleton, and 
may supplant it here and there : thus, in Testudo, for instance, the 
thoracic and lumbar vertebrae and ribs become quite rudimentary. 

Birds have no dermal skeleton, as already mentioned in the 
chapter on the integument. 

It is uncertain whether the dermal skeleton present in Arma- 
dillos (Loricata)^ only among Mammals is to be derived directly 

^ The dermal denticles of Elasmobranchs are often spoken of as placoid, and 
the firmly-jointed scales of Lepidosteus and Polypterus as ganoid scales : both are 
covered by a layer of enamel (probably) developed from the ectodeim, and thus both 
epidermis and derma take part in their formation. Some Fishes {e.g. Electric Ray, 
Spatularia, some Eels) are scaleless. 

* In Armadillos the dennal skeleton consists of a series of transverse bony 
scutes, which are movable on one another, while inGlyptodon, a fossil member of 
this group, the dermal plates were firmly united together to form a large shield, 
which covered the whole body. 
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from that of Reptiles, or whether it is to be considered as formed 
independently, that is, as a new acquisition or " neomorph " 
(Gadow). 

Thus it will be seen that the exoskeleton tends 
gradually to disappear as we ascend in the scale of 
the Animal Kingdom, while, on the other hand, the 
endoskeleton becomes of greater and greater importance. 
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An elastic rod, the notochord (chorda dorsalis), lying in the 
long axis of the embryo, between the neural and visceral tubes (see 
Fig. 7j B), is to be considered as the foundation of the axial skeleton. 
Consisting of a meshwork of cells, which are early vacuolated, 
the outer protoplasmic part of the notochord becomes differentiated 
into a structureless cuticular sheath (the sheath of the notochord, 
or elastica limitans interna), which, however, disappears almost 
entirely after the notochord has ceased to grow (Fig. 20, Gs). 

Outside this inner sheath, a skeletogendus layer is formed 
round the notochord from thajb part of the mesoblast which is 
distinguished as the mesoblastic somites or protovertebraB. 
Round the outer periphery of this layer another sheath is formed, 
the outer sheath of the notochord, or elastica limitans 
externa (Fig. 20, JEe). 

The skeletogenous layer, consisting of fibrous tissue, now 
extends dorsally over the spinal cord on each side, and thus gives 
rise to a continuous membranous tube, ]^^hich is only broken 
through at the points of exit of the spi^al nerves. No proper 
segmentation, — like that seen in the muscular system, — is to 
be noticed in this membranous stage. The first indication of 
segmentation is the formation of cartilaginous areas in the mem- 
brano-fibrous mass of the skeletogenous tissue, in the immediate 
neighbourhood of the notochord: these show a segmental ar- 
rangement (formation of metameres), and represent the first 

D 
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traces of the vertebral bodies and arches. This 13 the 
second or cartllaglnoUB stage of the vertebral column, and 
now ossification may occur (bony rtage). Those parts of the 
fibrous tissue which do not become consolidated in this manner 
give rise to certain ligaments of the vertebral column. 

During these differentiations of the skeletogenous tissue, the 
notochord suffers a very different fate in the various Vertebrate 



Fio. 20.^Tbansvbb8b Sbction or tub Vertbbeal Column of AmmocaUt. 
C, notocliord ; Cs, inner sheath, and Ee, outer sheatli, of the notochonl ; SS, ekele- 
togenoas layer ; Oh, upper arch ; t/b, lower arch ; F, fatty tissue ; M, spinal 
cord ; P, pia mater. 

groups ; it may increase in size and persist as a regular cylindrical 
rod, or it may become constricted at definite intervals by the for- 
mation of vertebral bodies, or even entirely disappear. 

During the cartilaginous and bony stages the varioiiB processes (spinous, 
transverse, articular procesaes, &c.) are formed ; and the individual vertebrse 
mav sometimes become fused together, as for instance, in the r^ona of the 
neck, sacrum, and coccyx. 

All these ontogenetic stages find their exact parallel in the 
phylogenetic development of Vertebrates, as the following pt^s 
will show. 

Fishes. — The vertebral column of all Fishes is distinguished by 
a very uniform character of its elements, so that one can only 
distinguish between trunk and caudal vertebrae. 

The most embryonic type of notochord is seen in Amphioxus, 
Ammocoetes, and Myxinoids, in which it is entirely unsegmented. 
In the metamorphosed Petromyzon, cartilaginous elements already 
make their appearance in the form of rudimentary arches and 
spines, which do not meet above the spinal cord (comp. Fig. 49). 
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To the condition found in Petromyzon, that seen in the 
Cartilaginous Ganoids, ChimEerEe, and Dipnoi, is directly- 
connected, inasmuch as the metameric character is mainly indicated 
by upper or dorsal arches, 

I 



Fig. 21,— -Poetion of the Vertebral Column or Spaiutaria. (Side view.) 
Fio, 22. — Transvbbse Section op the Vertebbal Column op Acipeiaer 
tulkenut (in thQ anterior part of tlie body). 
Fii, spinooa process ; HL, loligitudiDsl elastic band ; SS, sheletogenooa layer ; Ob, 
upper arch; H, spinal cord; P, pia mater; Ic, intercalary pieces; Ca, noto- 
chorda! sheath ; C, cotnchord ; Se, eUstica exteroa ; Ub, lower arch ; Ao, aorta ; 
Fo, median parts of the lower arnhes, which enclose the aorta Tentrally ; Z, basat 
f the lower arches. 



The strong, concentrically-layered notochordal sheath (Fig. 22, 
Cs) here plays the part of vertebrae, and is surrounded by a fitrous 
skeletogenous layer (Fig. 22, SS), in which paired dorsal and 
ventral cartilages become developed. The former give rise to 
the above-mentioned upper or neural arches, the latter to the 
lower or haemal archea(Fig8.21, 22, 06, Ub). In the caudal region 



FiQ. 23.— PoKTiON Of TH< Vertebral Column o^ PTotopterus. (Side \iew.) 
C, notochord ; DF, spinons process ; FT, interspinons bone ; FS, fin-rsy. 

the latter enclose the aorta and caudal vein ; further forwards the 
cartilages do not meet in the middle line below, and consequently 
the lower arches end on either side in a laterally-directed cartila- 
ginous projection, or "basal process," which may develop an 

J) 2 



36 COMPARATIVE ANATOMY. 

articulation at its base, and thus give rise to a rib (cp, p. 48). 
The relations of these parts in Elasmobranchs and Teleostcans is 
similar to that above described. For the further strengthening of the 
vertebral column ao-cailed "intercalary pieces' (Figs. 21,22, 
le) appear between the upper and lower arches in Cartilarinous 
Ganoids and Elasmobranchs. The vertebral colurfin of Bony 
Ganoids reaches a much higher stt^e of development. Paired 
dorsal and ventral cartilages arise above and below the notochorJ, 



Fki.24. — Portion of the Vertebral Colcbh op PolypUrua. 
WK, centra ; BF, baa*] procesaes ; Ob, upper arches i P#, spinous prooesseB. 

but in the course of development ao extend at the base as to com- 
pletely surround it. From the dorsal cartilages the upper arches 
take their origin, and from the ventral the lower, while the car- 
tilage surrounding the notochord gives rise to the vertebral 
bodies or centra. The whole vertebral column also becomes 
strongly ossified (Fig. 24). The notochord is now no longer equal in 
diameter throughout, but becomes constricted or actually divided 



FlO. 25.— DlAORAH SHOWING THE INTBR VERTEBRAL RbMA1N3 O 



in the centrum of each vertebra (that is, vertebrally), while 
intervertebrally it remains expanded, and so serves as a sort of 
connecting- or packing- substance between two contiguous vertebra 
(Figs. 25 and 27. G, C-). The same thing takes place in other 
Fishes — Elasmobranchii and Teleostei — and thus deeply 
biconcave (amphiccelous) centra are formed. 

One of the Bony Ganoids, Lepidosteue, forms amarked exception to other 
Finhes as regards its vertebral ocluran, inaamuch aa definite articHlations are 
formed between the vertebrse. A concaTily ia formed at the hinder end of 



VERTEBRAL COLUMN. 37 

etch centrum (Fig. 26, A, en'), which articulatea with a ctmveiity (e») on the 
neib yertebra behind (opisthocceloua vertebra), Thenotochord (except in 
the caudal region) entirely disappears in the adult ; in the larva it is seen to 
te expanded vertebrally, andTconatricted intervertehrally, a condition of 
thince which appears again in the higher types, as, forioBtance, in Reptiles. In 
a atiU earlier larval stage, however, the constrictions are vertebral, as in other 
Fishes (flee Fig. 27). 

The primitive character of the Tertebral column of Fishes is 
shown by the fact that the arches only meet dorsaDy in rare in- 
stances. As a rule, the closing in of the arch is effected by special 




Fio. 28. — PoETiON OP THE Vertemial Coldmn of Lepidoatois. 
(After Balfour and PsTker. ) 
A, a vertebra from anterior anrface ; S, two vertebrte from the side ; em, anterior 
convex face, and en.', [posterior concave face of centrum ; h.a, basal process ; 
■n.a, upper arch; i.c, intercalary cartilages; l.l, longitadinal ligament; i.i, 
interspinoas bone. 

pieces of cartilage and hy an elastic longitudinal band (Figs. 22, 
20, i.c, IX) which is always present. This description of the upper 
arches applies also to the lower ones present in the caudal region. 
Elasmobraachs and Ganoids possess a greater number of vertebrsB * 
than Teleosteans, in which we seldom meet with more than 70 : 
the Eel, however, possesses more than 200. In Rays and OiimserEe 
only amongst Fishes are definite articulations formed between the 
skull and vertebral column. 
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The caudal region of the vertebral column deserves particular 
attention ia Fishes, and the primitive condition of this region iu 
Ampliioxus, Cyclostomi, and Dipnoi, may be taken as a stai-ting- 
point. In these, the notocliord extends straight backwards to the 
hinder end of the body, and is surrounded quite symmetrically 



Fio. 27. — Portion of the Vebtebeal Coltmn of a Youno Dogfish {Scyllium 

caniaiiaj. {After Carlier.) 
C^ notochord ; Kn, outer, and Kn^, inner, zone of cftrtilage ; FK, the fibro-carti- 

lagiaous miisB lying between these zones, which is undergoing culcificatton ; Li, 

intervertebral ligament. 

by the tail-fin, which ia therefore spoken of as protocercal or 
diphycercal (see Fig. 29). This condition is met with also in 
many Fishes of the Devonian strata, as well as in young stages of 
Teleostei. In the latter, however, the ventral half of the tail-fin 
with its supporting skeleton becomes, as a result of unequal growth. 



? Sq/mmis. 
u tbe arches and intercalary pie: 

more strongly developed than the dorsal, and thus the vertebral 
column is bent up dorsally, giving rise to a Tietero cereal tail. 
This form of tail may be recognised externally, as in many Elasmo- 
branchs, Ganoids, and numerous fossil Fishes, or may be masked by 
a more or less symmetrical tail-fin, when it is only visible internally 
(Lepidosteus (Fig. 30) and Amia to some extent, but more particu- 
larly in most Teleosteans,' e.g. Salmo, Esox). 

' The term liomo cereal ia sometimes used to deaeribe the masked hctei'ocercal 
condition of the tail in ToleoateL 
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Amphibia. — The vertebral column of Urodeles may be 
divided into cervical, thoraco-lumbar, sacral, and caudal 
regions, and these regions can be recognised, except in certain 
modified forms such as Snakes, from Urodeles up to the Mam- 
malia. On account of the absence of extremities iu CEocilians, the 
vertebral column can only be divided into three regions, cervical. 



Fig. 29.— Tail of ProtopUnia. 

thoracic, and a very short caudal. In Anura, no special lumbar 
region can be recognised, and the caudal portion is modified to 
form a " urostyle " (see p. 42). 

The notochord of Urodele larvse, like that of most Fishes, 
undergoes vertebral constrictions, while intervertebrally it grows 
thicker, and accordingly appears expanded. Thus the vertebrse here 



Fia. 30.-TA1L OF Lepidoalciis. 

also are amphiccelous. Later, intervertebral masses of cartilage 
become developed, which, together with the bone which is formed 
at the same time in the surrounding connective-tissue, extend in- 
wards towards the centre, gradually constricting the notochord so 
that eventually it may become entirely obliterated. Finally a dif- 
ferentiation, as well as a resorption, extending inwards from the 
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periphery occurs in these cartili^nous parts : in the interior of 
each an articular cavity is formed, so that in the vertebrse of the 
higher XJrodeles (Salamandrina perspicillata and certain Tritons) 
an anterior convexity aod . a posterior concavity may be diatin- 
gimhed, both covered with cartilage ; they are, therefore, 
opisthoccelous. A glance at Fig. 31, A to D, will make this clear. 



A BCD 

FlO. Sl.^LoNGlTnBlNAL SECTION THEOTTCH THE VERTEBRAL COLCMN OF VARIOUS 

Ubodeles. a, Sanodon sibericus ; B, AfaUyatoma ttgrintim ; C, OyrinopMlus 
porphyrUicta (the tlirea most anterior Tertebije, I, II, 111) ; D, SalamandTina 
perspicillata. 
Ch, notochord ; JvJc, intervertebral cartilage ; CK, Tertebral cftrtilnge and fat-cells ; 
K, periphemi bony covering of centram ; B, ribs and transverse prooesaes ; S, 
vertebral cooatriction of notochord in Amblysl-orna ligrinum, without cartilage 
and fat-cells ; **, intervertebral cartilaginous tracts ; Mh, Mk, marrow cavities ; 
Qp, Ok, articular socket and head ; Lifi, intervettebral ligaments. 

In the development of the vertebral column then of Urodeles 
we can distinguish three stages: — (1) A connection of the indi- 
vidual vert^bne by means of the intervertebrally expanded 
notochord ; (2) a connection by means of intei^vertebral masses of 
cartilage; and finally (3) an articular connection. These three 
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diflferent stages of development find a complete parallel in the 
phylogeny of tailed Amphibians, inasmuch as all fossil forms, e.g. 
the Stegocephala of the Carboniferous Period and the Labyrintho- 
donts, as well as the Perennibranchiata, Derotremata, and many 
Salamanders, possess simple biconcave vertebrae, without dififeren- 
tiation into definite articulations. 

The bony parts of the vertebrae of Urodeles are not formed from 
the cartilaginous sheath of the notochord, but in the surrounding 
connective-tissue, there being only an intervertebral cartilaginous 




Fig. 32. — Vertebral Column of Discoglossus pidus. 

Pa, articular processes ; Ps, spinous processes ; Pt^ transverse processes of trunk 
vertebrae ; Ptc, transverse processes of caudal vertebrae (urostyle, Oc) ; S W, 
sacral vertebra ; Oft, upper arch of first vertebra ; Sg, its lateral articular 
surfaces ; Po, its anterior process ; R, ribs. 

zone, extending into the ends of the centra. In the Anura, on the 
other hand, as well as in Elasmobranchs, bony Ganoids, and the 
higher Vertebrata, the vertebrae are preformed in cartilage. 
In the Anura true articulations are always formed between the 
vertebrae, and, as a rule, the convexity is posterior, and the concavity 
anterior (procoelous). A further difference is seen in the rela- 
tions of the notochord, which persists vertebrally longer than 
intervertebrally, a condition which leads towards the Reptiles. 
The configuration of the caudal region of the vertebral column must 



>' 
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also be remarked upon, as it diflFers in tailed and tailless Amphi- 
bians. The long caudal portion of the tadpole's vertebral column, 
which is very similar to that of Urodeles, undergoes during 
metamorphosis a gradual retrogressive change, and the vertebrae 
of its proximal end become fused together and ossified to form a 
long unsegmented dagger-like bone, the urostyle (Fig. 32, Oc). 

The upper as well as the lower arches of the vertebrae are in direct 
connection with the centra. Lower arches are present only in the caudal 
region of Urodeles, and evidently correspond to the already-mentioned basal 
processes of the vertebrae of Ganoids. The most anterior in some cases 
function as supports for the ribs, and this circumstance is sufficient to render 
untenable the earlier view that the lower arches are modified transverse 
processes ^ or fused ribs, as is the case in some Fishes. 

The neural spines, as well as the transverse processes, which are as 
a rule bifurcated at the base and are present from the second vertebra onwards, 
show the greatest variety as regards shape and size, differing in the several 
regions of the body. The transverse processes of the single sacral vertebra, 
which give attachment to the pelvis, are particularly strongly developed, 
especially in the Anura. 

Articular processes (zygapophyses) which are usually 
present in Fishes that possess a bony vertebral column, are well 
developed in all Vertebrates from the Urodela onwards, and 
consist of two pairs of projections arising respectively from the 
anterior and posterior edges of the base of the neural arch. Their 
surfaces are covered with cartilage, and overlap one another from 
vertebra to vertebra like tiles on a roof: not unfrequently the 
neural spines also articulate with one another, and thus a well- 
articulated and mobile chain-like vertebral column results. 

From the Amphibia onwards the first vertebra, or so-caUed 
atlas (and this is the only cervical vertebra of Amphibia), becomes 
diflferentiated from the others. In Amphibians it consists of a 
simple ring which articulates with the two condyles and the basis 
cranii. As numerous researches have shown, however, the first ver- 
tebra of Amphibians does not correspond to that {i.e. the atlas) of the 
higher Vertebrates, but is much more nearly homologous with the 
second cervical vertebra of the latter — the axis (epistropheus). 
This is demonstrated by a study of its development, which shows 
that the real atlas loses its individuality as a separate mass, and 
becomes united with the occipital region of the skull. 

Reptilia. — In contrast to the numerous fossil forms, only a 
few existing Reptiles, viz., Hatteria and the Geckos (Ascala- 
bota) retain throughout life the primitive biconcave character of 
their vertebrsB, with the notochord expanded intervertebrally. 

In all the others, the notochord remains expanded longer in the 
vertebral regions than intervertebrally, but in the adult it becomes 
entirely aborted and replaced by bony tissue. This stronger and 
more solid ossification of the whole skeleton forms a characteristic 

^ Traces of the transverse processes are present nearly to the end of the tail. 
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diflference between the skeleton of Ichthyopsida on the one hand 
and Amniota on the other. As a rule the vertebrsB of Reptiles 
become definitely articulated with one another, and are of the 
procoelous type: the above-named genera, with intervertebral 
remains of the notochord, form an exception to this rule, as do 
also Crocodiles and Birds, in which intervertebral disks or menisci 
exist ; in the latter, however, they are not present in the cervical 
region.^ 

What has been said as to the classification of the vertebrae into 
different regions in Amphibia, as well as to the presence of processes, 
applies here also, though there are always several cervical vertebra? 
instead of a single one : there are also always at least two sacral 
vertebrae. An atlas, usually consisting of three pieces, and an 
axis, with an odontoid bone, are always well developed.^ 

The spinous processes of the upper arches vary in size, and 
transverse processes arise from the centra themselves or close to 
them. Lower arches (chevron bones) are present in the tail in 
Lizards, Chelonians, and Crocodiles; and besides these, median or 
paired inferior processes of the centra themselves are seen in 
many of the vertebrae of Lizards and Snakes, as well as in Birds, 
and to some extent in the lumbar region of certain Mammals. 

In consequence of the absence of a pectoral arch, the vertebral column 
of Snakes and Amphisbaenians, like that of Csecilians, can only be divided into 
trunk and caudal vertebrae. The vertebral column of Chelonians deserves 
particular notice as a large portion of it becomes anchylosed with the dermal 
bones of the carapace, and it is thus rendered immovable in a certain region. 

In Snakes and some Lizards (Iguana) extra articular processes (zygosphenes 
and zygantra) are developed on the vertebrae. In Lizards small separate ossifi- 
cations or subvertebral wedge-bones are often present on the ventral 
side of the vertebral column between the centra ; and in the caudal region, an 
nnossified septum remains in the middle of each centrum, so that the tail 
easily breaks off at these points. When this happens the tail grows a^ain, but 
proper vertebrae are not formed. 

In fossil Reptiles, which, both as regards size and number of species, 
usually surpassed the existing representatives of the group, the sacrum, 
which gives attachment to the pelvis, often consists of more than two 
vertebrae, the number being four or five (Ornithoscelida). 

The following facts will give some idea of the monstrous proportions 
of these old genera of Reptiles : — Atlantosaurus immanis, a North 
American Dinosaur, reached a length of about 80 feet, and its femur was 
8 feet long and 25 inches thick at its proximal end. The transverse dia- 
meter of the individual vertebrae amounted to 16 inches, and Apatosaurus 
laticollis, found in the same strata, possessed cervical vertebrae which 
reached a diameter of 3^ feet. 

A knowledge of fossil genera of Keptiles is of the greatest 
interest, as we can see, in many groups, important points of con- 

^ In Crocodiles the vertebrse are mostly procoelous, an exception being seen in the 
two sacrals and first caudal ; and in Chelonians there is great variation in the form of 
the individual centra of the cervical vertebrae, while the thoracic and lumbar have 
flattened faces, and are firmly united together by cartilage. 

^ The OS odontoideum corresponds morphologically to a part of a centrum of the 
atlas. 
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nection with Birds. At the present day it cannot appear doubtful 
to any morpbologist that the latter are descended from Reptilian 
ancestors. 

Birds. — In Arehjeopteryx, found in the Solenhofen slates of 
the Bavarian Jurassic, and already mentioned on p. 22, many of the 
special peculiarities of Reptiles and Birds are united. The hinder 
extremities are distinctly Reptilian, as is also the tail, which, like 
that of a Lizard, is composed of numerous elongated free vertebrre. 
A covering of true feathers, on the other hand, characterises it as 
a Bird : the biserial arrangement of the tail-feathera is seen in 
Fig. 33. 



Fig. 38.— Tail of Archceoptcryx. 

The vertebral column of Birds corresponds with that of Reptiles 
not only in its phylogenetic relations, but also ontogenetically. In 
both groups the notochord eventually disappears entirely, and the 
whole skeleton becomes strongly ossified.' The pelvis of Bird- 
embryos, like that of existing adult Reptiles, is attached to the 
vertebral column by two vertebras only ; during further develop- 
ment, however, a number of other vertebrse (thoracic, lumbar, and 
caudal) become fused with the sacrum (Fig. 34). 

A further difference between the vertebral column of Reptiles 
and Birds is seen in the character of the caudal region in the latter 
group, which always remains apparently rudimentary. In this 
peculiarity existing Birds stand in sharp contrast to their Jurassic 
ancestors (see above). 

It must, however, be well understood that the pygostyle of 
Birds may be made up of six or more fused caudal vertebrse, and in 

^ Ichthyornifl (from the American Cretaceous), as well as ArchffiopferjJ, poa- 
seased biooncaTe Tartebrse. The surne type of vertebra is to be met with ia nuny 
fossil {e.g. iu the Enaliosauria), and in Eome ciiisting BeptiJes (Ascslabota sni 
Hattetia), aa well as in moat of the free caudal vertebra; in existiiig Birds, 
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the sacrum even a greater number may be included (cp. the chapter 
on the pelvis, p. 9K) : thus in the common Duck (Auaa boschas), 
seven become united with the pelvis, eight remain free, and the 
pygostyle ia composed of ten separately ossified and fused segments, 
malting in all twenty-five vertebrte originally present in the caudal 
region of this Bird. In Arehaeopteryx the pelvis was much shorter 
than in existing Birds, and much fewer vertebrae were united with 
it. Moreover, in embryos of an Australian parrot (Psittacus undu- 
hitus) more vertebne are formed in the embryo than are seen in the 
adult. The original type is well preserved to the present day in 



FiQ. 34.— Pelvis of Owl {Strixhibo). (Ventral view.) 
Jf, poaition of the primary sacral vevtebcffl : between M and //, and beliind W, are 
seen the secondary sactal vertebrse, fused with the primary; 11, ilium; Is, 
isohinm; F, pubis; t, foramen between Uium aud pubis; S, lost jiair 

the Katitse, in which the posterior caudal vertebrae remain free, 
instead of uniting to form a pygostyle, and the secondary sacral 
vertebrae remain longer distinct. Thus the chasm between 
Arcbteopteryx and existing Birds is in this respect essentially 



The arches always become united into a single mass with the 
corresponding centra, and are no longer separated from them for hfe 
by sutures, as seen e.g. in Crocodiles, and exceptionally in Chelo- 
nians. The same may be said of the atlas and axis, in which also no 
sutures persist between the different parts. In the cervical region, 
where by means of saddle-shaped articulations the vertebrse are 
able to move easily on one another, the bifurcated transverse 
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processes may unite with the correspoDding ribs (Fig, 35), In 
the thoracic region, more or fewer of the vertebras usually become 
immovably united together. 



Fio. 35. — Thied Ceevical Vbbtbbha of WooDPJtcsER {Picus viridis). (Viewed 
nnteriorly.) 

Sa, artieulfir surface of centium ; Oh, upper arcli ; Pit, articular procBsa ; Ft, Pi, the 
two bars of the trausTerae process, shown on one side anchylosed with the cervical 
rib {E) ; Ft, transTerse ( vertebral terial) foramen ; PH, hiemal spine. 

Hammalla. — No direct connection exists between the 
vertebrae of Reptiles and Birds and those of Mammals. The 
notochord persists longer inter vertelM'aUy than vertebrally, but it 
disappears entirely by the time the adult condition is reached. A 
jelly-like pulpy mass, the nucleus pulposus, persists, however, 
throughout life in the centra of the fibro-cartilagitious menisci 
wbicb are developed between the vertebras. Articulations between 
the centra are never formed, but as in Amphibians, Reptiles, and 
Birds, well-developed articular processes are present, arising from 
the neural arches.^ The cervical region is usually the most 
moveable, and the centra may be so much hollowed out in this 
region as to give them an opisthoccelous character {e.g. Ungulata). 
In some cases, on the other hand, the cervical vertebrje may become 
firmly fused together (Cetaeea). The centra are provided with epi- 
physes, except in all but those of the caudal region of Monotremes 
and in Sirenia (?). 

The atlas and axis essentiallyresemble those of Birds, though 
the differentiation of the vertebral column into regions, characterised 
by difference of form, is much more sharply marked than in any 
other Vertebrates. 

In long-necked Ungulates (Horse, Camel, Ox) tte neural epines of the 
anterior thoracic vertebrae are greatly developed, and corvespondinc with this, 
a strong cervical ligament (ligamentum nuchje) is particularly well developed 
to BUTOort the weight of the head. This is also true of antler-bearing animals 
and oi^the Gorilla. There are as a rule 7 cervical vertebrie; Bradypii^ how- 
ever, posseases 8— 9j and Tamandua bivittata 8, while in Manatus and CKo!oep\ia 
there are only 6. 

The transverse proceaaea of the cervical vertebree netially unite with the 
rudimentary ribs, as in Birds. 
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In Mammals, as in Reptiles and Birds, two primary sacral 
vertebrae are present, but as a rule a few caudal become later 
included in the sacrum, and are usually more or less closely united 
with it. In Anthropoids, as in Man, the first sacral vertebra is 
plainly marked off from the last lumbar by the appearance of the 
so-called promontory. 

The caudal vertebrae vary extremely in their development, and 
excepting in most long-tailed Mammals — ^more- particularly the 
Sirenia and Cetacea — no longer develop lower arches. When 
present these " chevron bones " are intervertebral in position. 

In the higher Primates the tail forms a stump-like appendage, 
the coccyx consisting of few (3 — 6) vertebrae. In the embryo, 
however, the .notochord extends beyond the point corresponding 
to the apex of the coccyx, and thus a longer caudal region must 
formerly have been present. 

The greatest number of caudal vertebraB is found in Microgale 
longicauda (48), Manis macrura (46—49), Paradoxurus (about 36), 
and in certain Monkeys (Semnopithecus, Ateles, 32 — 33). 

In human embryos of 9 — 10 millimetres long (5th week) 38 vertebrae are 
present, and these all consist of a cartilage-like tissue with the exception of 
the two posterior caudals. In embryos 12mm. long (6th week) the three 
posterior caudal vertebraB (36th, 37th, and 38th) fuse together, and the 35th 
also loses its sharp contour. In embryos of 19mm. there are only 34 ver- 
tebrae, the number present in the adult. In the stage with 38 vertebraD, the 
spinal cord and notochord extend to the extreme apex of the tail, almost 
reaching to the skin, but a reduction of these parts takes place later. 
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II. RIBS. 

The ribs, standing in the closest connection with the niyocom- 
mata (myotomes) of the great lateral muscles of the body, are 
arranged segmentally, and onto- as well as phylogenetically, pass 
through a membranous, a cartilaginous, and a bony stage. Their 
development, which as a rule takes place first in the anterior part 
of the body and then extends gradually backwards, is usually 
entirely independent of the vertebral column, their connection with 
it being a secondary one.^ ^ 

Fishes and Dipnoi. — The cartilaginous or bony ribs are 
attached to the basal processes already described, and extend 
ventro-laterally from the corresponding vertebrsB. The 
ribs of Fishes show a very primitive condition, usually extending 
along the whole length of the vertebral column (Lophobranchii, 
Spatularia). In rare cases they are absent, though many Fishes 
only possess rudimentary ribs (many bony Fishes, Elasmobranchs). 

In others, as in numerous Teleosteans and Ganoids, they are 
very well developed, and encircle the body-^Javity like the hoops of 
a cask ; but they never unite together in tilie mid-ventral line. 

The relations of the anterior portion of the vertebral column to the auditory 
organ in certain Teleosteans will be described later (see p. 207). 

Amphibia. — In the ribs of Amphibia there are evident 
signs of degeneration ; as a rule they are confined to the region of 
the trunk, or at most they extend in certain Urodeles in a very 
rudimentary form as far as the first two caudal vertebrpe ; in other 
cases, as in the tailless Batrachia, they are so remarkably short 
that they can no longer be said to encircle the body-cavity. In 
many Anura the ribs are not distinctly articulated, as they become 
fused with the broad transverse processes (Fig. 32, B), 

The ribs of Urodeles are forked at tbeir proximal ends, and articulate with 
the bifurcated transverse processes of the vertebrse. The ventral limb, only of 
the transverse process corresponds to the basal process of Ganoids ; the dorsal 
one is to be looked upon as a neomorph. The bifurcated ends of the ribs in 
Reptiles and Birds as well as the double articular facets of the ribs of Mammals 
are to be explained in the same manner. 

^ The ribs of Ganoids, and possibly also those of Dipnoi, seem to follow an 
entirely different plan of development, in that they become segmented off from the 
lower arches, as mentioned in the chapter on the vertebral column. 



Excepting the firat, all tlie trunk vertebrffi are usually provided 
with ribs in tjrodeles ; ribless (lumbar) vertebne are met with very 
rarely (Spelerpes). 

Reptiles, Birds, and Mammals. — In these, well-developed 
ribs are always present, and more or fewer of them almost always 
unite ventrally with a breast-bone or sternum. Those which 
unite with the sternum are sometimes spoken of as "true," the 
others as " false " ribs. 



S, Bcapals ; 9, glenoid csvit; for hntneruB ; Ca, roracold, vhich srticulalea with ths 
sternnm (Stj at t : Fu{Ct), fnrcula (claTicles) ; Cr, k««l of at«7num ; f, vertebral, 
and Sp, Btemal, portion of rib ; Un, uncinate process. 

The ribs of Snakes show the least amount of differentiation 
for, without giving rise to a stemum, they extend along the whole 
trunk from the third cervical vertebra to the anus, and retain 
throughout a similar form and size. In Lizards, where a dorsal 
bony and a ventral cartilaginous portion can be distinguished, three 
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or four ribs reach to the sternum,^ and are not always completely 
segmented off from it. 

The ribs of Birds exhibit a much more marked segmentation 
into vertebral and sternal portions, and this evidently stands in 
relation to respiration; they moreover develop so-called unci- 
nate processes (Fig. 36, Un). In this latter, as in many other 
points, they show a relation to certain Reptiles (viz. Hatteria and 
Crocodiles). 

The ribs of Archaeopteryx are of special interest, as they are more simi- 
lar to those of Reptiles than to those of Birds, though they do not closely 
resemble the former. Their structure is delicate, their ends are pointed, 
and no uncinate processes have been observed : in transverse section they are 
ellipsoidal, and not flattened like those of Birds. Whether a connection with 
a breast-bone existed is not certainly proved, as nothing is known of a sternum 
or of sternal ribs. The breast-bone must at any rate have been very small, as 
the " abdominal ribs " extend far forwards ; it was probably provided with a 
keel, for the q^uills of the wing are well developed. 

Tsrt 



Fig. 37. — Costal Arch of Man. 

WK, centrum of vertebra ; Pt, transverse process ; Ps, neural spine ; Cp, body of 
rib ; Co, capitulum ; Co, nock ; Tb, tuberculum ; Kn, cartilaginous (sternal) 
rib ; St, sternum. 

It has already been mentioned that the cervical ribs and transverse 
processes may become united together in representatives of all the Amniota, 
and the fusion between the ribs and dermal plates in Chelonians may be 
here noted. 

In the true ribs of Mammals, and especially in those of Man, 
a capitulum, a neck, a tuberculum, and a body may be distinguished 
(Fig. 37). The capitulum articulates with the centrum, and the 
tuberculum with the transverse process of the vertebra.^ The 
number of ribs which reach the sternum varies consi3eral 




^ In Crocodiles, eight to nine ribs reach the breast-bone ; in Birds, three to 
eight. An ossification of the inscriptiones tendineae of the rectus abdominis takes 
place in Crocodiles and Hatteria, and similar structures (so-called ^'abdominal 
ribs ") occur in numerous fossil Reptiles (Nothosaurus of the Trias, Knaliosaurus of 
the Jurassic, Pterodactylus, &c.). Archseopteryx also possessed twelve to thirteen 
"w ell-developed *' abdominal ribs." These must not be confounded with the remains 
of true abdominal ribs, which persist without the corresponding vertebral portion 
in the Chameleon and certain Birds (W. E. Parker). 
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Development teaches us that in the cervical, lumbar, and sacral 
regions, where no ribs are apparent in the adult, they are present in the 
embryo, even in Man, and this points back to primitive conditions. 
The rudimentary character and variety in size of the eleventh and 
twelfth ribs of Man shows that they are gradually disappearing 
(cp. p. 53) : a gradual shortening of the thoracic portion of the 
vertebral column and a corresponding lengthening of the cervical 
and lumbar regions is also taking place in Mammals generally, and 
thus the following general rule may be stated: — The reduction 
in the number of ribs is correlated with a higher stage 
in development of the Vertebrate body. 

It has already been mentioned that sacral ribs are developed, 
and it is only necessary to add that this statement holds good for 
all Vertebrates. In other words: the pelvis is always sup- 
ported by sacral ribs, whether these remain differentiated 
throughout life (Urodeles), or whether they fuse with the corre- 
sponding transverse processes of the sacral vertebrae (Amniota). 



111. STERNUM. 

Never present in Fishes, the sternum appears for the first time 
in Amphibians in the form of a small variously-shaped plate of 
cartilage situated in the middle line of the chest (Figs. 38 and 74, St), 
It originates from two cartilaginous rods lying in the inscriptiones 
tendinese of the thoracic region, with which the coracoids, or rather 
the epicoracoid plates of the pectoral arch come into more or less 
close connection (Fig. 38, St, Go^), In^nany tailless Batrachians (e.g, 
Rana), the ventral portion of the pectoral arch is continued forwards 
in the middle line as a slender bone tipped with cartilage — the 
'* omo-sternum" (Parker) (Fig. 38, Up), The phylogenesis of the 
Amphibian sternum is still entirely unknown, and it is doubtful 
whether it ought to be placed in the same category with the simi- 
larly named structure in the Amniota. In the latter, the sternum 
has a costal origin, and is due to a number of ribs on either side of 
the middle line running together to form a continuous cartilaginous 
tract. An unpaired cartilaginous sternal plate is formed by the 
tract of either side becoming mo-re or less completely fused with its 
fellow, and from this plate the ribs become secondarily segmented 
off by the formation of true articulations. Later it may become 
calcified (Reptiles), or converted into true bone (Birds, Mammals). 
In Reptiles, Birds, and Monotremes the coracoids (Fig. 75, Go, Go^) 
always come into direct connection with the upper or the lateral 
edges of the sternum (comp. Fig. 36, St, and Ga, and Figs. 38 and 
^9, St, Go). 

The sternum is greatly developed in Birds, and consists of a 
broad plate, usually (" Carinate Birds") provided with a projecting 
keel (crista sterni), which forms a point of origin for the wing- 
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Fio. 38. — Tentrai. PoKTiOM OF THE PECTORAL AttCH OF Eana aculmla. 

, boQT, and Kn, cartilaginous sterntim (xiphiatcmam) ; S, seapak ; KC, carli- 
loginous poTtion between the latter and the clavicle (CI) ; Co, coracoid ; Co', 
Bpicoracoid ; m, line of junction between the two "epicoracoida ; O, glenoid 
cavity foi the btunerua; Fe, fenestra between tlie cotacoid and clavicie; Ep, 
omoatemam. 



', sternum ; E, liba ; Si, cartilaginous comiia to which the lest pair of ribs is 
attached ; SS, lupraseapula ; S, scapula ; Co, coracoid ; Co', cartilaginous 
epicoracoid ; ^, intercUvicle ; a, b, c, membranoaa fcnestne in the coracoid ; 
CI, clavicle ; O, glenoid cavity for the humerus. 
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muscles. In contrast to these, the Batitae (" Cursorial Birds ") are 
characterised by a broad, slightly-arched, shield-like sternum without 
a keel. 

In both cases the sternum arises in two bands connected with ribs, a greater 
number often taking part in its formation than are present in the adult. 
According to Lindsay, the two parts of this costal sternum, corresponding 
to the breast-bone of Reptiles and Mammals, become connected by a portion, 
the metasternum, which gives rise to the median and posterior portion of 
the sternum of the adult. In the Ratitae, the metasternum, which probably 
arises from the fused edges of the costal portion, remains partly cartilaginous 
in the adult. In the CarinatsD, it gives rise to a median ventral outgrowth, 
the keel. This generally arises at the time of the fusion of the two halves, 
but in some cases there appears to be a tendency for it to become differentiated 
from the rest of the sternum. It is either- ossified by the fusion of a pair of 
lateral bony centres, or else by means of a separate endosteal (see p. 63) centre. 

Thus the keel of the Bird's sternum is probably of late phylogenetic 
development, arising in correlation with the large development of the 
pectoral muscles, and having no relationship to the interclavicle of Reptiles, 
as is often asserted. 

A far greater number of ribs are as a rule concerned in the 
formation of the breast-bone of Mammals than is the case in 




ABC 

Fio. 40.— -A, Sternum of Fox ; B, of Walrus ; and C, of Man. 
Mb, manubrium ; (7, body ; Pe, xiphoid process ; iZ, ribs. 

Reptiles and Birds. Consisting at first of a simple cartilaginous 
plate, it later becomes segmented into definite bony regions, the 
number of which originally corresponds to the aflBxed ribs (Fig. 40, 
A, B). But in other cases, as, for instance, in Primates, the 
individual bony segments usually run together to form a long plate 
(corpus stern i), of which the proximal end becomes differen- 
tiated into the so-called manubrium, and the distal end into the 
xiphoid process (processus ensiformis). The latter (Fig, 40, 
C, Pe) owes its origin in the embryo to the ventral fusion of a true 
pair of ribs, arising independently or as a direct continuation of 
the primary sternal tracts, from which it later becomes segmented 
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oflf, and, like the manubrium, ossified from a special centre. Thus, 
in Man, an embryonic stage exists in which the eighth pair of ribs 
are connected with the xiphoid process. 
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IV. THE SKULL. 

Theory of the Segmentation of the Skull. 

In the skull, as in the vertebral column, three stages may 
be distinguished ontogenetically as well as phylogenetically, 
viz., a membranous, a cartilaginous, and a bony stage. 
There is thus an important correspondence between these two 
parts of the vertebral axis, which is considerably itt^reased by 
the following facts. 

The notochord always extends for a certain distance into the 
base of the skull, so that the latter has a similar origin to, and is 
developed as a direct continuation of, the vertebral axis. Still 
more important is the fact that a series of mesoblastic somites 
(protovertebrse) give origin to the greater part of the head as 
well as to the main dorsal section of the trunk in the embryo, 
so that both show a metameric mode of origin. Out of these 
somites, each of which encloses a cavity originating from the 
coelome, are formed the muscles of this region as well as the 
foundation of the proper cranial capsule. As development 
advances, the original segmented arrangement gradually disappears, 
and thus the cranium, especially in the lowest Vertebrates, as, for 
instance, in Cartilaginous Fishes, forms a continuous structure. 

A cartilaginous system of arches, which often later become 
ossified, arises in serial order on the ventral side of the brain-case ; 
these encircle the anterior part of the alimentary tract like hoops, 
and are distinguished from the cranial region as the visceral 
skeleton. The latter stands in important relation to gill-breathing, 
inasmuch as each consecutive pair of arches enclose a passage 
(gill-slit) communicating between the pharynx and the exterior ; 
this is lined by endoderm, and through it the water passes. 
The foremost visceral arch bounds the aperture of the mouth, and 
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forming thus a firm support for it, gives rise to the skeleton of 
the jaws, as well as, ia higher types, to the main part of the facial 
skeleton. The arches lying posterior to this function primarily as 
gill-supporta. 



Fia. 41. — DiADKAW 

E, E, epiblBHt, irhich at N^ is mTarinatei) to fomi the primitive olfactory pit, the 
epithelium of which is snpplieS by the olfactory nerte {01/); if, oral involu- 
tion ; /, firat somite, from which arise the superior, iatemal, sud inferior 
lectuB, and inferior oblique muscles j II, second Boiuite, from which the 
saperior oblique muscle onffinatea ; III, third aomitc, which givea rise to the 
eiteroal rectus ; JK V, VI. fourth, fifth, and sixth aomitea : only the aislh 
gives rise to mnscle-mdimeiils ; VII, VIII, IX, seventh, eighth, and ninth 
sonaites, from which the muscles extending from the skull to the pectoral arch 
arise : the anterior part of the atemo-hyoid is also formed in this rej^on ; a and 
b indicate the first somites of the trunk ; HI, oculomotor, IV, trochlear, 
VI, abducent, and XII^ to XIP, hypoglossal nerves. All the above-named 
nerves correspond to ventral roots of the nerves belonging to the head-somites, 
/, 11. Ill, VII, VIII. and IX. The ventral nerves belonging to somites 
IV, V, and VI are not known r they probiibly lie in the territory of the tri- 
geminal. BpV, ramns ophthalmicus profundus of the trigeminal, the dorsal 
nerve of the fiiat somite ; V, the rest of the trigeminal, the dorsal nerve of the 
second somite, supplyins the maxillary and mandibular re^ons ; VII, VIII, 
the ttcustico- facial is, the aorsal nerve of the third and fourth somilea, supplying 
the first primitive gilt-cleft (spiroi^le) (1) : IX, f;[ossopharyngeal. the dorsal 
nerve of the fifth somite, supplying the second gill -cleft (2) ; X' to X*. vagus, the 
dorsal nerves of the sixth to the ninth somites, supplying the third to the sixth 
gill-clefls (3 to 0) ; Su', S^, ventral, and Sd\ 5(P, dorsal, roots of the two first 
spinal nerves ; m, first (mandibular) visceral arch ; h, second (hyiiil) arch ; 
i ' to f, the Gve branchial arches ; R\ B', first and second ribs- 
Oil viewing the serial arrangement of the visceral arches, one 
might be tempted to explain them as being homodynamous with 
ribs, and to consider this, as well as the corresponding distribu- 
tion of the branchial nerves as a further support for supposing 
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for the head a metameric origin of the same nature as that of 
the body. This, however, is not admissible, inasmuch as the above- 
described segmentation of the visceral section of the skull by 
the formation of gill-slits does not correspond to a segmentation 
of the same nature as that seen in the body, but arises quite 
independently. To express it briefly — Metamerism does not 
correspond to branchiomerism. It follows that a direct 
parallelism of the branchial nerves to the intercostal nerves — ^which 
correspond with trunk-metameres— does not exist, and the attempt 
to solve the problem of the Vertebrate skull by indirect methods, 
i.e. those of Comparative Anatomy, must lead to crude theories and 
false conclusions. 

The result of the above considerations may be shortly expressed 
as follows : — 

1. The Vertebrate skull is not a structure sui generis, but has 
been derived by a metamorphosis of the most anterior section of 
the skeleton of the body. 

2. The proof of this lies in the common origin of both the 
cranial and vertebral skeleton out of the protovertebrse (somites, 
metameres). 

3. The skull is divided into two main sections, a dorsal and a 
ventral. The former encloses the brain, and is spoken of as the 
cranium, w^hile the latter lies in the region of the fore-part of the 
alimentary tube, has primitively to do with branchial 'respiration, 
and is called the visceral skeleton. 

4. The cranial section alone is to be looked upon as made up of 
a series of mesoblastic somites : the segmentation of the visceral 
skeleton must be regarded as a secondary acquisition, for the gill- 
arches are developed as secondary supports for the hypoblastic 
gill-clefts. 

5. The attempt to explain the adult skull as a series ot 
vertebrsB^ fails completely; it is a question of proto vertebrae 
(somites) only, and thus is one that can only be solved along the 
lines of Embryology, and not those of Comparative Anatomy. 

6. The number of mesoblastic somites concerned in the 
formation of the skull may be fixed at nine,^ according to researches 
up to the present time on Cyclostomes, Elasmobfanchs, and Am- 
phibians. In no case are there fewer,— in many instances possibly 
more, 

^ Rosenberg has, however, shown that inCarcharias glaucns, but apparently 
not in other Selachians, the portion of the cranium lying between the exit of the 
vagus and the vertebral column is clearly composed of three vertebrae, which gra- 
dually fuse with, and constitute a part of, the occipital region of the skull (Gadow 
finds four vertebrae in embryos of Carcharias which thus become modified). It follows 
that the cartilaginous cranium is not completely homologous throughout the Yerte- 
brata ; the skiJl of Carcharias corrresponds with that of Scyllium, for instance, plus 
certain of the anterior vertebrae. 

Sagemehl has found a somewhat similar modification in Ganoids. 

' Beard, in a recent paper, increases the number of segments in the head in 
Sharks to eleven. 
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. Braln-Caae (Cranium). 



The first cartilaginous rudiments appear in the primitively 
membranous skull tube in the form of s. pair of rods, the 
trabeculse crauii. These lie along the base of the brain, their 
posterior part embracing the notochord, and they thus are divisible 
into prochordal (anterior) and parachordal (posterior) regions 
(Fig. 42, Tr). The parachordal traot may extend further along the 
notochord as a direct backward growth of the trabeculse, or as one 
or two separate cartilaginous tracts (Fig. 42, P£). The para- 
chordals soon unite to form a basilar plate, which grows round 
the notochord dorsally and ventrally, and thus early forms a solid 
support for the brain. The slender traheculje project forwards 
and enclose a space, which may be spoken of as the primitive 
pituitary space (Fig. 42, FS). ;;0 
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Fia. 42.— Fisar Cartilacihuos Rl-dimbnw of the Skull. 

Dotochotd ; PE, Bep»rftte parachorJal elements ; TV, trabecule eranii ; FS, 
pitnitary apaee ; iV, A, 0, tha tbree asnae-capsulea (olfactory, optic, and 



These structures may become further developed in many 
different ways in the various Vertebrate groups : either the ti-abeculEs 
become completely united with one another io the median line 
(Fig. 43, A, Tt), or the connective -tissue of the oral mucous mem- 
brane becomes ossified to form a parasphenoid (Fig. 43, B, Ps). 
la other cases, the traheculse may become compressed and partly 
aborted owing to the great development of the eyes ; this obtains 
in certain Teleosteans and Reptiles and in all Birds, where a fihro- 
cartiiaginoua interorbital septum appears in their place (Fig. 43 
C, Tt, IS). r x-f I— V B - 
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In most cases a median cartilt^inous bar (intertrabecula) is formed 
between the trabecnla) in front, fusing with them, and forming the etbmo-nasal 
Beptum. It occasionally projects forwards to form a rostrum. 

We must now follow further the processes of growth, taking as 
& foundation the primary condition of things described above, in 
which the trabeculse have united together in the middle line. The 




Fio. 43. — DiAORAMMATio Tbansveehe Sections, op thk Hkao in Eubrto — 
(A) Sturceons, Elabhobrakcbs, Anusa, and Uamualb ; (B) Ukodblbs and 
Snakes; axd (C) Certain Tblbosteans, Lizards, Crocodiles, Cuelonians, 



IS basal plate now comes into relations with the olfactory, 
optic, and auditory oi^ns by the formation of processes which 
serve — particularly in the case of the olfactory and auditory 



Fro. 4*.^Secokd Staor in the Dbtelopmrnt o 



s Prihobdial Skull. 



C, notochord ; B, basilar plato ; 7^, trabecola, which has united with its fellow in 
front of the pituitary space to form thn ethmoasBAl geptam (iS*) ; C(, comu 
traljcculfB, and AF, antorbital process, which aapports the olfactory organ (Iflt) 
in front and behind ; 01, foramina for exit of the olEactoir nerves from tlie 
cranium ; PF, postorbital process of trabecula ; !fK, nasal capsule ; A, eye ; 
0, auditory capaule. 

apparatus — to connect the skull with the cartilaginous sense-cap- 
sules, and thus to act as supports for them. Thus an olfactory, 
an orbital, and an auditory region are early differentiated. 
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While the first and the last of these are gradually surrounded 
by cartilage, and, especially in higher types, more and more drawn 
in to the akull proper, the lateral walls of the basal plate become 
raised up, and begin to grow round the brain on both sides, 
eventually extending even to the dorsal region. Thus a con- 
tinuous cartilaginous capsule is formed, such as persists through- 
out life in Elasmobranchs for example. But in by far the greater 
number of Vertebrates, the cartilage does not play so great a part, 
and is, as a rule, confined to the base and lower parts of the sides 
of the skull and to the sense -capsules, except in the occipital 
region, where it always extends over the brain. The rest of the 
sUuil, more particularly the roof, becomes directly converted from 
membrane into bone." Thus it may be stated generally, that the 
higher the systematic position of the animal, the less 
extensive are the cartilaginous constituents and the 
more important the bony. 



b,' The Visceral Skeleton. 

The skeletal parts of the visceral arches, always formed in 
hyaline cartilage, encircle the anterior section of the alimentary 
canal, lying embedded in the inner part of the walls of the throat 



P, notochord ; Tr, trahecnlie, which enclose the bruin (C) ventrftlly and !at«raJ]y ; 
0, auditory capsule ; RH, the canity ot the pharjui, BHclrsed by the visceral 
skeleton ; 1 to 4, the individual elements coirposiDg each visceral arch, which 
latter is nnited nith its fellow by a basal piece (Cp). 

(Figs. 45 and 46, B, B). Always present in a greater number (up to 
as many as nine) in gill-breathing animals than in higher types, they 
jifradually become reduced, so that in the Amniota the remains of 
the three or four anterior at most are seen : they further undergo 
a change of function, for all but the first of these take on definite 
relations to the auditory organ and laiynx. 

The most anterior arch, serving as a support for the walls of 
the mouth and receiving its nerve supply from the trigeminal, 
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arises first, and is distinguished from the other or post- oral archea 
as the mandibular arch. The post-oral arches only, function as gill- 
bearers in the adult fish : even the first of these, the hjoid, which 



FlQ. 46.~DlAOBAU SHOWING THR RBLATIDHB OF TUB EUBRTONIC ViSCEKAt. 

Skelbton. 
A', DASol capsule ; A, eje ; 0, auditory cipaule ; TV, trabeculte, whith, from being 
bent dawn anteriorly (t), a°;uii extend [orwaTds in a line nitli the vertebral 
ai:is ; M, Meckel's cartili^e ; Qu., quadrate ; Ey, hyoid arch ; B, B, bronchial 
arcUel, betneea which are seen the gill-clefts ; S, spiracle ; Co, Co, basi-hyold 
and bssi-branchials. 

is supplied by the facial nerve, becomes modified from those 
lying behind it: the latter, or branchial arches proper, are 
supplied by the glossopharyngeal and vagus. Nevertheless, 



K, uaaal capsule ; A, eye ; 0, auditory cnpaule ; Tr, trabecula ; Q and FQ, quadrate 
and palatoplerygoid, which arc bflund to the trabecula by ligament at t ; if , 
Meckel's cartilage ; L, L\ labial oartilagea ; B, hyomanJibular ; K, hyoid arch ; 
a to e, branohial arches, between which the gill-clefts (/ to V) are seen ; S, 
apiracle ; C, notochord ; T, W, vertebra ; V, trigeminal nerve, and 1, 2, 3, its 
three main divisiina : Rp', its palatine branch ; VII, facial nerve ; Rp, its 
palatine branch ; IX, gloaeopharyngeal ; X, vagus. 



everything goes to prove that formerly a time existed in which all 
the visceral arches mu'it have borne gills, and in the embryos of 
Elasmobranchs they even still do so. 

Originally unsegmented in most cases, the individual arches 
may become broken up into different (as many as four) pieces, of 
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which the uppermost becomes inserted under the base of the 
skull, while the lowermost comes to lie ventrally, and is connected 
with its fellow by a median piece, or basi-branchial (Fig. 45, 1 
to 4, Op), 

The two anterior visceral arches also undergo a segmentation. 
Thus the first becomes divided into a short proximal piece, the 
quadrate, and into a long distal Meckel's cartilage (Fig. 46, 
Qu, M). The qyadrate grows out anteriorly into a process, the 
palatoquadrate or palatopterygoid (Figs. 47 and 48, A to C, 
jPQ), which becomes fixed to the base of the skull, and thus forms a 
sort of primary upper jaw. 

The quadrate, which serves as a support (suspensorium) for the 
lower jaw, either remains separated from the skull by an articu- 
lation, that is, is only united to it by connective-tissue, or it forms 
one mass with it. 

The hyoid arch, — which always stands in close relations to the 
mandibular, and may also take part in its suspensorial apparatus,^ 





Fig. 48. — Semi-diagrammatic Figures of the Suspensorial Ai»i»ARATUs in 
Various Vertebrates. (Mainly after Gegenbaur.) A, Notidanus ; B, Other 
Elasmobranohs ; C, Torpepo ; D, Teleostrans ; E, Amphibians, Reptiles, 
AND Birds ; F, Mammals. "^ 

M, Meckel'^ cartilage ; PQ, palato-quadrate ; Hmy hyomandibular ; Ay, hyoid 
arch ; Sy, symplectic ; ^ (in D and E), quadrate ; Q (in F), articular (malleus), 
and Q^f quadrate (incus), both of whicn lie in the tympanic cavity (P)^, h}, 
styloid process, connected with the anterior (lesser) corner of the hyoid {h) by 
the stylohyoid ligament, indicated by the dotted lines ; 6, the posterior (greater) 
comu, and c, the body of the hyoid in Mammals. 

— becomes divided, as do the time branchial arches, into a great 
number of pieces (Fishes), which are distinguished from above 
downwards as hyomandibular, symplectic, and hyoid in a 
narrower sense (Fig. 48, A to D, Em, Sy, hy). In the mid-ventral 
line there is a basi-hyal connecting the arch of each side, and this 
becomes ossified, and is embedded in the tongue as the entoglossal 
or glossohyal. 



c. The Bones of the Skull. 

Two kinds of bone, genetically distinct, may be distinguished, 
one arising within cartilage, the other in connective-tissue, in those 

^ According to Dohm, Meckers cartilage and the palatopterygoid are separate in 
origin, as are also the hyomandibulnr and hyoid proper, and thus the so-called 
mandibular and hyoid arches each represents two. 



62 COMPARATIVE ANATOMY. 

regions of the skull which are only membranous.^ Again in other 
cases, true bones are not formed at all, there being only a calcareous 
incrustation of the cartilage (calcified cartilage). 

The bones arising in the membranous regions of the skull come 
under the category of the dermal skeleton and, as already men- 
tioned with regard to the latter, are to be looked upon as originat- 
ing genetically (Amphibia, Fishes) or phylogenetically (Amniota) 
in connection with tooth-structures. In this manner, the bones 
of the mouth-cavity of Fishes and Amphibians, for instance, still 
arise, and this will not surprise us when we remember that the 
epithelium of the oral cavity is formed by invagination of the 
outer skin. 

This mode of origin of the first skull-bones appears 
to be the oldest or most primitive, and it is most apparent 
in the lower Vertebrates (Fishes). This holds good also for 
those cases in which bones are formed merely by deposition of cal- 
careous matter directly in the connective-tissue layer, without 
giving rise to tooth-structures {e.g, in all investing bones. — those, 
for instance, of the roof of the skull of all Vertebrates from the 
Amphibia to the Mammalia) : this may be looked upon as an 
abbreviated development. 

The phylogenetically younger endochondral bones appear first in the 
Annra and onwards, though in U rodeles only the perichonaral mode of. origin 
is seen, and even in Anura this mode occurs largely. Not unfrequently, 
endochondral bones and investing bones come into apposition, and fuse together. 
Thus it may happen that in the course of generations an investing bone may 
take the place of a cartilage bone, and the formation of cartilage be entirely 
suppressed, and not repeated again ontogenetically. 

The following lists give a summary of the most important 
bones according to their different relations to the skull. 

I. Bones of the Mouth Cavity (partly lying* within it, 
partly bounding it on the outer side). 

1. Parasphenoid. 

2. Vomer. 

3. Premaxilla. 

4. Maxilla. 

5. Jugal. 

6. Quadratojugal (in part). 

7. Dentary. 

8. Splenial. 

9. Angular. 
10. Supra-angular. 

\ 11, Coronoid. 

12. Palatine. 

13. Pterygoid. 

' ^ The different varieties of ossification may be conveniently classified as follows : — 
!• Membrane Bones. (^) Dermostoses — ossifications of the derma; (h) 
Parottoses — ossifications of the looser subcutaneous tissue; (c) Ectostoses — ossifi- 
cations of the inner layer of the fibrous investment (perichondrium) of a tract of 
cartilage : these may extend into the latter, replacing it, and thus give rise to 

Il« Cartilage Bones, which may, however, also be formed independently, a 
bony deposit takmg place within the cartilage itself (endostosis). 



Investing 
Bones. 
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II. Bones of the Outer Surfkoe (enumerated from before 
backwards). 

1. Premaxilla. 
S; Maxilla. 

3. Nasal. 

4. Lacrymal. 

5. Frontal. 

6. Prefrontal (of Reptiles). 

7. Postfrontal or postorbital. 

8. Supraorbital. 

9. Parietal. 

10. Temporal or squamosal. 

11. Supraoccipital (in part). 



Investing < 
Bones. 




III. Cartilage Bones. 

"^ 2* BasLnhMiofd l^^^^* ^^^7 ^^ Amniota (forming the base of the 

M J 



4. Exoccipital (supraoccipital, in part). 

5. Pro-, epi-, and opisthotic, also sphenotic and pterotic (in Teleostei), 

(forming the bony auditory capsule). ^ 

,-* A J. ^ ®' ( sphenoid, developed in the trabecular region. 

8. Ethmoid, together with the rest of the cartilaginous skeleton of the 

nose (septum, turbinals, &c.). 

9. Quadrate. 

10. Articular. 

11. Visceral skeleton (in part). 



Anatomy of the Skull. 
Special Part. 

A. Fishes. 

The skulls of Fishes vary so greatly in their details that only a 
general outline can be given here. 

In the suctorial Fishes, or Cyclostomes, the skull is deve- 
loped essentially in the manner described already for alt Verte- 
brates. Later, however, the form of the skull shows so many 
peculiarities, probably in consequence of the suctorial (Petromyzon) 
or parasitic (Myxine) mode of life of these animals, that it becomes 
quite abnormal. The most important peculiarity is the absence of 
proper jaws such as those of other Vertebrates ; for this reason 
these Fishes are called Cyolostomata to distinguish them from 
the other Vertebrates or Gnathostomata. Their visceral skeleton, 
consisting of a delicate cartilaginous basketwork, also shows many 
peculiarities (Fig. 49), such as, for instance, its very superficial 

C'tion ; we naay accOTdingly speak of these cartilages as " extra- 
ichials." 
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The skull ofElasmobraachs presents the simplest cooditioDS 
and most easily comprehensible relations, bo that it may be taken 
as the starting-point for the study of the skull of all other 
Vertebrates. It consists of a simple cartilaginous and fibrous 



Fio. 19. — Srull ahd Branchial- Basket of Petromyam plane 



l,v 



Lb, labial c&rtil^e ; R, cortilaginoua ring-shaped support of the sncUtTial mouth : 
A, B, V, three other sapporting plates of the suctorial month; ZB, lingaal 
cartilage ; Na, external nostril ; N, nasal sac ; Tt, trab«cnlEe ; FQ, paUto- 
quadratc ; SS, fibrous cranial tube, which is cut through behind at MG (medul- 
larj canal) ; OB, auditory capsule ; By, hyoid ; K6, gill-openings ; +, posterior 
(pericardial) cartilage afthe branchial basket! **t transverse bars of the braachial 
basket ; C, notochord. 

capsule either immovably united with the vertebral column 
(Squalid*) or connected with it by articulations (Rays and 
Chimaerie). 



Fio. bo.— Skull op Heptanchtu. 

WS, vertebral colamn ; OK, auditory capsule; FF, AF, poatorbital and ant- 
orbital prooessas ; Orh, orbit ; R, rostrum ; NK, nasal capsule ; +, region of 
articulation of the palatoquadrate {PQ] with the skull ; Q, articulatioft of lower 
jaw i JW, macdible ; Z, teeti. 

True bones are never developed, the cartilage, being merely 
calcified ; the palatoquadrate and the lower jaw are nevertheless 
richly provided with teeth (Fig. 50, Z). 
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The olfactory sacs lie in the ventro-lateral parts of the nasal 
region, which is often elongated to form a long cut-water or rostrum 
(intertrabecula). Behind this are seen the deep orbital hollows 
(Figs. 50 and 51), which are bounded posteriorly by the strongly 
projecting auditory regions {GK). 

The pajatoquadrate is uaoally only united to the basis cranii by ligaments, 
but in the ChiniEcrte it becomes immovably fused with it, whence their name 
nf Holocephali. In some forms, the palatoqiiadrale is not directly united to 
the skull, but is suspended from it by the upper segment of the hyoid arch ot 
hyomandibu]ar(F^. 51, Hm). In this case the skull may be described as 
byostylic, to distinguish it fromantostylic skulls, in which the hyoid 
takes no part in the suspensorium. A cleft, the spiracle, lies on the 
nnterior border of the )iyo mandibular, and leads into the cavity of the month, 
nnd on its walls may be found remnants of the embryonic spiraciilar 
(mandibular) gill. 

The branchial skeleton is always richly developed, owing to 
secondary segmentation and fusion of its parts, and exhibits 
characteristic modifications. On the outer circumference of each 
branchial arch radially -arranged cartilaginous rays are developed. 



■''■ Fig. SI.^Crasial Skelrtok op Jtnja oxyrkynehn. 

OK, auditory capsule; Orb, orbit; NiC, nascl capsule j'jT, rostrum; LK, LK', 
labial cartilages ; ""Sp, apiracuUr cartilage ; SF^, spiracle ; FQ, palaloq Dad rale ; 
Ma, mandible; Sm, hyomandibnlar ; *y, hyoid ; '7 to K, first to fifth brauchial 
arches ; a, b, e, d, the individual segnienta of the branchial arches, viz. the pba- 
ryngo-, epi-, ocrato-, and hypohranchiala ; t, point of uoion of the fourth nnd 
fifth liritDchial arches ; Cp, bnsibraai'hiaU, 



which serve as supports for the gill-sacs. They arc present also 
on the hyomandibulnr and hyoid, and rudiments of inandibiilai 
rays are present in Sharks. 

While in Elasmobranchs the gill-slits open freely on to the sur- 
face of the body, in ChimierEe a fold of skin arising from the 
hinder border of the hyomandibular, lies over them. This is the 
first indication of a gill-cover or operculum, such as wo shall 
meet with ^ain in Teleosteans and Ganoids. 
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Amongst, the G'anoids, the lowest condition is met with in 
those forms in which the hyaline primordial skull, immovably 
fixed to the vertebral column, is still retained. These forms are 
spoken of aa Cartilaginous Ganoids. The appearance of 
definite bones, however, divides them sharply off from the Elas- 
mobranchs, and proves their skull to be at a much higher stage of 
development. These hones have the form of richly, sculptured 
plates and shields, and are developed partly from the mucous 
membrane of the mouth (as for instance the parasphenoid, whicli 
lies along the base of the skull), and partly from the outer skin 
(compare the chapter on the dermal skeleton, p. 32), 



Fra. 53,— -Cranial Skeleto 

(F5, vertabrtil column ; Sp2f, apprtores for spinal nervea; Pap, spinous processes ; 
Ob, neural arches ; C, notocliord ; OK, auditory capsule ; Ff, AF, postorhilal 
and antorbital processes ; Orb, orbit ; II, optic foramen ; x, vagus foramen ; 
JVo, nasal cavity ; "^ rostrum ; •, pronjinent ridge on the basis jrauii ; P», JV, 
ft*, parasphenoid; PQ, palatoiluadniU ; Qu, qupdrate; Md, mandible; ite, 
dentary; Ar, articular ; Bm, hyomandibnlar ; Sy, aymplectic ; /A, interhyal ; 
hy, hyoid ; I to V, first to liftli branchial arches, with their segments — the 
double pharyngo- branchial (a), the epibranchial (6); the ctrata- branchial (c), and 
the hypobraiichial (if) ; Cop, basal elements of the visceral sheleCoD ; Si, ribs. 

This dermal skeleton attains to a much more considerable 
development in a second group of these Fishes — the bony 
Ganoids — and gives rise to a strong armour composed of numerous 
pieces lying on the roof of the skull (Fig. 53). The ossifications are 
not restricted to the outer surface, but^xtend into all parts, of the 
skull, as, for instance, the trabecular regions and the lower jaw ; 
the cartilage thus becomes greatly reduced. 

The branchial skeleton in Ganoids consists of four or five more 
or less strongly ossified gill-arches, decreasing in size antero- 
posteriorly. In bony Ganoids the surface which looks towards the 
throat is beset with teeth. A gill-cover, often supported by several 
bony pieces, is always present. 

In the formof their skull, the Iii^injii_ghowmany points of con- 
nection with Elasmobrancha, Ganoids, Teleosteans, and Urodeles. 
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In other points, however, they differ considerably from all these ; 
and it is clear that the last-named group cannot have been directly 
derived from them. The suspensorium, as well as the very massive 
palatoqnadrate bar, fuses with the skull, and, as in Amia calva (a 



E Dorsal Side. 



.SO, snboparculum ; Op, operculom ; F, frontal ; P, parietal ; a, b, c, d, anpra- 
o<!cipilal shields. The two arrows pointing downwarda under the spiracular 
shields shon- the poaitioD of the opeaEngs of the spiracles on to the oater snrfai^a 
of the skull. 

bony Ganoid), even some of the anterior vertebrie with distinct 
neural arches and transverse processes are united with the occipital 
region of the cranium (Fig, -54, W, W^). (Cp. note on p. 56.) 

Posterior in addition to anterior nasal apertures 
appear in the ]!)ipnoi for the first time: this is an indication of 
air-breathing. 

Cranial bones are not nearly so numerous as in Ganoids, and 

F 2 
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the underlying hyaline priinovdial skull peraists entirely (Cera- 
todus), or to a large extent. GUI-covers and branchiostegal lays 



} ANTERIOK EXTKEUITY OF ^ 

/r, If", the vertebra which »rfi fused with the skull, with their gpinous processsa 



FP, fiiinto-parietal ; HI, membranous fontanelle, pfirfonit«d by the optic foran: 
{II) ; SK, Bupra-orbital ; SE, aiipra-«tbmoid ; NK, cartilaginous najial capau 
AF, antorbitalproceas(thelBbial cartilage, whicli has a similir position anddirec- 



>t indicated I ; PQ, palatoi^uadrote, which conveises towards its fellow 
of the othnr side at PQ' j Sq, squamosal, covering the quadrate ; A, A', articular 
joined to the hvoid (ffj) by a fifirous band (£) ; 2>, external dentary ; ft, Meckel's 
cartilage, which, is freely exposed, and grows out into prominences ; SL, ena-. 
melled ridge ; a, b, t«eth ; Op, Op', rudimentary opercular hones ; / to FI, tlie 
six branchial ariAea; XTi, eranM ribs ; iir.JTff', lateral and median bony lamella, 
which eusheathe the cartilage of the pectoral arch {Kn, Kn') ; m.^fbroua band, 
which binds the upper end of the pectoral arch with the skull ; x, articular 
head of the pectoral aiiih, with which the basal segment (b) of the (ne extremity 
articulates; •,•, rndiraentary lateral raya of the extremity (biBerial type) ; 1, 2, 3, 
the three next segments of the free extremity. 

are present, though greatly reduce<l, and even the five or six car- 
tilaginous gill-arches are in a very nidimontary condition. The 
sharp, blade-like teeth, covered with enamel, deserve notice. 

Teleostei. — In this group, the skult presents a lai^e amount 
of variation ; its ground-plan, however, may always be derived from 
that of the bony Ganoids, and more particularly from Aniia 
calva. On the other hand, no relations with the Amphibia are 
observable, and we must consider the whole group of the bony 
Fishes as a side branch of the piscine phylum. 



Hnch of tbe MLrnlaginons priiDorcm; rirc^' jKirsirai. ia iri,->sl 
Teleoetei ; the dBsnl cs-.ttv, in ».!1 sitlt oescrTt^tia rp ^c• lito 
preF«Dt lime, bmt eili»*T readi feprweec liie *-ves nj iff at liip 
ethmoidal Ft^ikn, <«- ii mar becfODe nur.vT'ci si-J uTe$n<-d in 
the orbital reaioQ 'Vig. 43, C. 

The pabtoquMJIrBXe hMi hfcrmitfS cifieaeinai^ in^o a perfkn 
row of boDT i^ates, whict xre described &£ cnai-itif-- iDftso- and 
inetaptenrgoid, pteargicid. and p»^Ma»e lii liie (x^iiiiiiJ azid 
a-uditoiy he^khis, as weU as on iLe oinsi} snrfar* of ii>e itisIJ, 
nomeroaj croQ|^ of bone are df-veJ.^^ed. vLk-L c&iiiKit be fonitc-r 
described here. A oBaL bring iu tlte axiF <.<f ibe bai>e of ibf sin]] <^ 
many Tel eoEteaas. moft be nMnuomed : hend ises lie eje-^uoacles, 
and opens on each side into Ibe oTi-ir^. 



F:u. 55.— C^siAL Skeleton of Twh:t- 
£p, cpiotic ; Pm, ptevtk ; S/*, sphenotie ; Ot, mpnoodpilftl ; P, !*"«'?' : ^> 
frontal ; Sp.elli, sapra-ethmoid ; Can, upertoiB M the anal tor the oUictocy 
nerve ; Jfl, nnsil ; Pmx, pnmuilU ; 31, M', nmUIa ; Ig^JSE^ ; Jf», meso- 
pterygoid ; J/rp, metaptsrjgoid : ooo, orl'ilal ring : Hm, ■Eyoinuidihukr ; », 
symplectic ; Qu, quadnil« ; Pr, prpoperculum ; /op, interopereulum ; Sop, sub- 
□percnlam ; Op, opercolnm ; BsS, brauciiiostcgal rays ; Jr. arlicular ; De, 
iientajy ; A, eye. 

All the bones bounding tbe oral cavity, viz., the vomer, the 
paraaphenoid, the premaxilla, and the niaxilia, may bear teeth. 
The maxilla, however, is usually edentulous, and both it and the 
premaxilla vary much as to their development: the latter may 
even be absent. 

Besides the above-mentioned palatoquadrate bar. the proper 
cranial capsule of Teleosteaus is surrounded by other outworks 
consisting of plates and bars. These arise as dermal bones in the 
region of the eyes (orbital ring) (t^iff^^S .c.), aod m the gill- 
covers (opercular bones) {Fig. 55, Fr Op SopI^)- A lajge . 

numbe li branch iostege I ^ys are 'lev«'«P^\"' *^f .^^f ^i K 
oftheop^arfold,orlranchiostegalmembrane(Fig.53,.S«5). 
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Anteriorly, the opercular apparatus lies against a bony chain 
consisting of three pieces — the hyomandibular, symplectic, and 
quadrate — which serves as a suspensorial apparatus for the lower 
jaw (Fig. 55, Hm, S, Qu, and Fig. 48, D). The latter consists of 
Meckel's cartilage and of several bony elements, the largest of which 
is called the dentary (Fig. 55, De). The others are the articular 
(Fig. 55, Ar), angular, and corouoid. The last, however, is as a 
rule absent, and the angular may also be w^anting. 

A curious asymmetry is seen in the head of adult Pleuronectidae. When 
hatched, these Fishes are quite symmetrical, but later on the eye of one 
side becomes rotated, so that eventually both eyes come to lie on the same side ; 
in consequence of this, the skull also becomes asymmetrical 

B. Amphibia. 

Urodela. — The skull of tailed Amphibians is distinguished 
from that of Fishes principally by negative characters, — on the one 
hand by the presence of less cartilage in the adult, and on the 
other by a reduction in the number of bones. In short, it presents 
altogether a much simpler plan, reminding us of that of Ganoids 
and Elasmobranchs. This is seen, for instance, in the larval con- 
dition (Fig. 56), in which the chondrocranium still plays a great 
part, its auditory, nasal, and orbital regions having the relations 
described in the introduction to this chapter. The auditory cap- 
sules (Figs. 56 to 58, OB), — which are bound together by cartila- 
ginous basi- and supraoccipital tracts,^ and generally become strongly 
ossified later, — show a new and important arrangement as compared 
with those of Fishes in the presence of an aperture, the fenestra 
oval is, which looks outwards and downwards (Figs. 56 and 58, 
Fov). This fenestra, is closed by a cartilaginous or bony plug, the 
stapes, and will be spoken of again in connection with the anatomy 
of the auditory organ. 

Iq all Amphibians two condyles for articulation with the first 
vertebra are developed on the ventral periphery of the foramen 
magnum (Figs. 56 to 58, Cocc). 

The large nasal capsules, consisting throughout life of consider- 
able cartilaginous tracts (Fig. 57, No), are connected with the 
auditory capsules by means of the trabeculaB,^ which form the 
side walls of the skull, and enclose a large cavity. This cranial 
cavity becomes closed dorsally by the frontals and parietals (Fig. 
57, F, P), and ventrally by the parasphenoid (Figs. 56 and 58, 
P&), which is sometimes provided with teeth similar to those 
of many Teleostei. In front of it lie the ygmufs (Figs. 56 and 






58, Vo), which bound the posterior nostrii^^^C in adults each 

^ There are never move than rudiments of a supra- and basioccipital in Anura, 
and not even rudiments of thes^' bones in Urodeles. 

^ The trabeculae become more or less entirely ossified as the sphencthmoid and 
prooties.. 
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Flu. 68.— Skull of Salammtdm aim (ADur.'i). (Ventrnl view.) 
', trabeculs ; Ofi, auditory lapsule ; For, fenestra ovulia, cloawl on one aide by 
the B(a])«s {Siy; J^ ligament between tiie stapes and suspcniorium ; Cocc, occi-. 
|iilal conilylea ; Bp, cartil^nona basilar plate between the auditory capsules ; 
Gup, doTBiU tract of the occipital cartilage ; IN, intemasal jilatc, which estl^^s 
lateially to form processea {TF olid AF) boilndiiiK tlie ^l«rior uostriU {Gh); 
NK, nasal capsule ; Ca«, nasal cavity ; Na, exCerijalnostn^s ; tl, foramen for the 
nlfactoty nerve ; Z, tonffue-Iike outgrowth (intcrtcabeculft) gf -the interuasal 
plate, which forms a roof for the inlsniasal cavity (Fig. 57) ; Qu, uu^iwte" ; Ptc, 
cartilaginous plerygnld ; Pol, ititjjrocess. jwrf, pedicle, ajld' fti, amending 
pTo'coeg, Of theliuiin^e"; ft, pSraspbenonil ; Fi, bjmy j^i^ijcgMd ; Va, vomer j 
rt, palotinf ; Fp, ]mlaline jjrocoss of maxilla; rsj^- Vumai-o-[«latiffBl"ftn3:, 
jiromtiiilla ; M, manilla; ' 0», "sphSnethirfoid ; j1», prootie ; N, naaal ; ^. pre- 
frontal, perforated at D for the laerymai dUct ; P, frontal ; P, parietal ; Squ, 
aqviaraosnl ; //, optic, V, trigeminal, and VII, facial fotomen ; Ef, point of 
entrance of the nasal bmuch of the (iflh nerve into the nasal cn|>9nle. 
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becomes fused with the corresponding palatine- (Fig, 58, I-^^P 
which forms a delicate bar lying on the ven(ral surface of the 
parasphenoid. These relations are secondary, for in"iEtte larval 
condition a typical palaloquadrate or ptery go-palatine bar is present 
(Fig. 56. Pt, Ptc, PI). 

On the outer side of the vomer lies the maxill!i (Figs. 56 to 58, 
M), and in front of this a premaxilla (Pma:) which usually encloses, 
or at least bounds a cavity. The latter bone extends on to the 
dorsal surface of the skull, and abuts against the nasal, behind 
whit'h usually follows a prefrontal (Fig. 57, N, Pf). 
\ The suspensorium ia much more simple than that of Fishes, 
as a glance at the diagrammatic Fig. 48, E, will show. It con- 
sists of the quadrate only, which secondarily becomes fused with 
the skull, and on the outer surface of which an investing bone, the. 
squamosal, becomes developed (Figs. 56 to 58, iS^m). 

The akull of the Qy mnophiona, which is characterised "by its extreme ! 

etrength and solidity, reminds us of that of the fossil genera of Ainphihia of 
the CarhouiferouB period. It shows in many points a certain relotionsliip to 
the skull of Anura, and is of great interest on account of the very complicated 
Htriioture of the nasal capsule (compare the chapter on the olfactory organ). 



Flo. 59.— Skull of Ratut e»euUnta. (Veiitml view.) (After Ecker.) 
The investing bones are removed on Ihe right side. 
C'occ, oceipitHj con ^Wa ; Olai, eioeyipitftl ; GK, audifajry capaul e ; Qu, quadiytc : 
Qjg, qnadratojug^l ; Pro, prootic ;■ I*s, pamsplieaold ; As, ^ispbeuoid region ; 
Pt, bony pb'rygoid ; PP, palatopterygoid ; FP, fronlopariBtal ; E, sphi-nethmoid 
(eirdle-bone) ; Pal, palatine ; Vo. vomer ; if, maxilla"; Pmx, ptemnxilla ; 
N, N^, cartUfiginoviB Enpports of the noae ; //, K, VI, foramina for optic, tri- 
geminnlf and abducent niTveB. , 

Anura. — The skull of the tailless Batrachia is at first sight very , 
similar to that of Urodeles. It undergoes, however, an essentially ' 
different and much more complicated development, reminding 
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one ill certttin points of that of Petromyzon, and it cannot tticre- 
Jbre be derived in any way directly from tliat of Urodeles. 

A suctorial inoutli, provided with labial cartilages and horny 
teeth, is present in the larva. Far more important, however, is the 





Fig. 60.— Hvobbanchial ArPARATUS of Ubodeleb. A, Aiolotl (Siredon pJsH- 
formvi) ; B, Salamatidra tnaeulata ; C, Trilon criMat^a ; D, Spelerpea fusetts, 

Bbr I, 1!, Jiret iind second basibranchial ; KeE, ceratoliynl ; HpH, Iiffiohj'al ; 
Kebr I, II, firat Rnii flecoiii! cerdtcbraiittiial ; Epbr I to IV, fimt to fourth opi- 
brsnchial ; ATB. A'jff', iBiallanteriorandpostijtior pairs of cornua ; 0.(6, Ihjroid 
bone ; Q.ih, thyroid^^nd. 

f ormation "f unptnhmTfonti and cartilaginous walls to the tympanic 

ja^ityt which is closed externally by a tympanic membrane, 

while internally it opens into the mouth by a Eustachian aperture. 

The palatoquadrate bar unites anteriorly with the lateral part of 
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the cartilaginous nasal capsule (compare the chapter on the auditory 
organ, p. 199). 

With the exception of certain small regions on the dorsal side, 
the skull of Anura consists of a complete cart ilaginou sjbox : in the 
adult the bones are not so numerous as in XJrodeles, and the frontal 
and parietal of either side as a rule fuse together, thus giving rise 
to a fron to-parietal. The maxillary bar grows backwards much 
further than in XJrodeles, and becomes connected with the suspen- 
sorium by means of a small intermediate bone, the quadratojugal 
(Fig. 59, Qjg)' For the relations of the bones bounding the mouth- 
cavity, compare Fig. 59. . 

With the exception of the lower jaw, the visceral skeleton 
of Urodeles undergoes various modifications ia the diflferent types. 
We may consider the ground-form, as present in the larva, to 
consist of five pairs of bars. The anterior pair, or hyoid, consists 
of two pieces (Fig. 60, A, HpH, KeR), as do also the two first 
branchial arches (JCebr /, 7/, Ejpbr /, //). The third and fourth 
branchial arches are much smaller, and each is composed of a 
single segment {Epbr III, IV). All the above-named arches are 
connected with their fellows the other side by means of a single 
or double basal piece (Fig. 60, Bhr I and Bhr II), At the close of 
larval life, when the lungs come into use, the two hinder pairs of 
arches disappear entirely, while the two anterior pairs undergo 
changes as regards form and position, and become more or less 
strongly ossified (Fig. 60, B, C). In the genus Spelerpes, which 
possesses a sling-like tongue, the lateral (dorsal) segment of the 
first true gill-arch (epibranchial /) grows out into a long cartila- 
ginous filament, which extends far back under the skin of the back 
(Fig. 60, D). 

In the Anura there is a much greater reduction of the 
branchial skeleton at the close of larval life than in Urodeles. In 
the larva, the main skeletal part consists of superficial branchial 
cartilages (extra-branchials), which form a continuous structure 
comparable to the branchial basket-work of the Lamprey. A hyoid 
and small rudiments of the four proper internal branchial arches are, 
however, present behind the mandible. 



c. Reptilia. 

The relationship between the skulls of Reptiles and Birds is very 
close, while both are widely separated from those of Amphibians 
and Mammals. 

Excepting in the ethmoidal region, the whole chondrocranium 
becomes almost obliterated by an extensive process of ossification. 

In Snakes, Amphisbaenians, and Crocodiles, the cranial cavity 
extends forwards between the orbits as far as the ethmoidal region, 
while in Lacertilia and Chelonia — in which a fibro-cartilaginou? 
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interorbital septum perforated by the oH'actory nerve is present, — it 
is arrested in the orbital region (compare p. 57). 

The parasphenoid, which plays so important a part as an 
investing bone of the roof of the rnouth in Fishes and Amphibians, 
begins to disappear ; amongst Reptiles it only attains to any im- 
portant development in Snakes, where the anterior part remains, 
and forms the base of the interorbital region. Its place is taken 
by two cartilage bones, the basioccipital and basisphenoid, situated 
along the basis cranii. In contradistinction to the Amphibia, only 
a single condyle connects the skull with the vertebral column ; 
this, on close examination, is seen to be formed of three parts 
(basioccipital and exoccipitals). 

The roofing bones of the skull are well developed, as in 
Teleostei, while the trabecular region (ali- and orbitosphenoids) 
becomes of secondary importance, its place being taken by processes 
growing downwards from the frontal and parietal, especially in 
Snakes. The parietals are usually confluent in the adult, and in 
Lacertilia are perforated by an aperture (parietal foramen). 

For the topographical relations of the several bones to one 
another compare Figs. 61 to 04. It will be seen in them that the 
ground-plan of the Urodele skull, already somewhat fully explained, 
is here fundamentally retained. 

A new element, the transverse bone (Figs. 61, 62, and 64, Ts), 
extending from the maxilla to the pterygoid, appears, except in 
Chelonia and Typhlopidse. An imperfect circumorbital ring of 
bones present in Lizards is also wort.hy of mention. The dentition 
is stronger than in the forms as yet described, and may be borne, 
as in Amphibians, on the palatines and pterygoids as well as on 
the proper jaw-bones (Fig. 62, P/, Ft). Rasp-like sphenoidal 
teeth are not present ilpi Reptiles, and the Chelonia are altogether 
toothless, the free edge of the jaws being covered by sharp horny 
sheaths. ' \ 

The skull of Crocodiles is of particular interest, owing to the 
fact that the palatine processes of the maxillae (Fig. 64, J/),,as well 
as the palatines and pterygoids further behind (P/ and j^), meet 
together in the middle line, and thus form a secondary roof to^ the 
mouth-cavity, separate ; from the proper (sphenoidal) base of the 
skull. The cavity thus formed closes in the posterior prolongation 
of the nasal chambers, in consequence of which the latter become 
sharply differentiated from the mouth, and open far back into the 
pharynx (Fig, 64, Oh). Thus the skull reaches a higher stage of 
development, which,, only indicated in Chelonia, is characteristic 
of Mammals. In_ajl Reptiles the suspensorium consists mainly 
of the quadrate, which may be loosely attached to the skull 
■'Snakes,^ Lacertilia), 6t firmly fixed to it (Hatteria, Chelonia, 

^ In Snakes (Fig. 62, Qu) (except Tortrix), the quadrate is only indirectly con- 
nected with the skull by means of the squamosal {Squ\ which extends backwards, 
and thus throws the articulation of the lower jaw far backwards, giving rise to a very 
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Fio. 61.— SKiiLc, OF LiiAttD {LiKcrta iigilis). (DotKjl vitw,} 



•^ *x i 



FiQ. ^2, A and 11. — Skull of Snake {Tt^opidonotua italTai). 



Ciwc.'occipitnt condyle ; Os, and Osp, aupraoccipital ; Ot, cxoKcipital " EBSti ' fH"''? 
' nrfl^l ; P', periotic ; P, Mrietal ; Fp. paiietal foratuen ; F, fronrfl ; J'', poBt- 



frontal ; P^, ^iM^uifita 
premaxilln ; JT, mSli 

■ ' ~' ■ ■ )r liostrils ; Vo, vomer ; j 

nuAilrate : San. sguobh . .,.^, . ^j,,^^.,,^,^^,^ , *■"/, 

ingular ; Dt, deplary ; //, opliu 
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Fio. flS,— Skuii of 'iouNi Watfu TonroisF (Enyaeuropiea} (Side view.) 

Oup, BDpraoccipiliil nhi h ^iies nae to a, crcat 
great part of t\ e unteiior boundary of the ■ 
o1&ct«r; nei've into the i mal capsale 6: mtfCorhitiil septiiqi ; BK, homy 
sheaths of jans Qjg | ittdratojugal *■ Jft tjmpanie nnerobrane ; BP, carti-, 
laginoiis interval leluc«i basioccipiHl and basisphenoid Hd mandible. Other 
letters as before 



^P^erq 



G-otci 



Cam 
Fio. S4,— Skuu tiF A-'YouNo Crocodile. (Ventral viuw.) 

«■,* occipital oondyUi ; Ob, basioccipilal ; Ch, internal noslrila ; Pi, pterysiiid ; 
Orb, orbit ; PI, ^latine ; .V, jwlatine process of mniilla ; Pjhx, premaxilln ; 
Ts, transverse hone ; Jg, jngol ; QJ, quadratojugal ; Qu, quadrate. 
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Chameleontidae, Crocodilia). In most Lizards there is in addition 
a rod- like bone, the epipterygoid, which extends from the hind part 
of the pterygoid to the parietals. 

A number of bones arise in connection with the lower jaw, 
viz. a dentary, angular, supra-angular, splenial, coronoid, and 
articular (Fig. 62, Dt, Ag, SA, Art). 

In correspondence .with the absence of branchial respiration 
during development, the branchial apparatus plays no great part in 
Reptiles, and often only the sUghtest traces of it are seen : thus 
in Snakes, for instance, only the hyoid remains, and this not 
always. In Chelonians a basal piece (basi-hyo-branchial) as well 
as the first branchial arch persist in addition. 



D. Birds. 

The skull of Birds is formed on the same plan as that of 
Reptiles, and more particularly of Lizards, although it exhibits a 
greater proportional development of the brain- case (Fig. 65). The 
skull of Archaeopteryx was essentially similar to that of existing 
Birds, and the bones were firmly united together. Teeth were, 
however, present in both upper and lower jaws, and the fact that 
the premaxillse were toothed probably indicates that no horny beak 
was present (compare the chapter on teeth). 

All the bones have a tendency to run together by the obliter- 
ation of the sutures originally present between them, and they thus 
give rise to a united mass largely formed of endochondral bones. 
It is only in the region of the nose that the cartilage persists 
throughout life to any extent, and even here not always. In contrast 
to all the Vertebrata as yet considered, the unpaired occipital condyle 
no longer lies at the posterior boundary of the skull, but becomes 
moved downwards and forwards along the base of the skull, so that 
the axis of the latter lies at an angle with that of the vertebral 
column. The basis cranii is formed by a basioccipital and a 
basisphenoid, from which latter a bony rostrum, the remains of 
the anterior part of the parasphenoid, extends forwards. The 
posterior part of the parasphenoid persists as a large plate, the 
basitemporal, which underlies the basisphenoid and part of 
the basioccipital. Above the rostrum a small presphenoid is present 
in the embryo. 

All the bones are delicate and spongy, and thus contrast greatly 
with those of Reptiles, in which they are often of an ivory-Uke 
structure. (With regard to the pneumaticity of the bones, 
already referred to in Crocodiles and certain fossil Reptiles, consult 

wide gape. In most Snakes, and particularly in the Viperine forms (cp. Fig. 176, A), 
the facial bones are capable of movement upon one another, but in Typhlops they are 
immovably connected with the skull. The two rami of the mandible are connected 
by a more or less elastic ligament. 
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^ alat^ ^_ 



■a below ; 

'..a, aliapheuoid ; ag, sngular ; ar, articular ; a.p^, anterior palatine foramen ; b.t, 
baaitemporal ; 6.0, Msioccipital ; b.pg, basiptoiygoid ; b.s, basisphenoid ; d, 
dentaiy ; e.n, external nostnls ; eth, etbmoid ; e.o, exoccipital ; e.u, EuBtachian 
aperture ; /r, frontal ; f.m, foramen magnum ; i.c, foramen for iotemal carotid 
artery ; j, jugal ; k, iaerymal : mx.y, maxillopalatine process ; mar, maxiUa ; 



nasal ; n.px, nasal process of the premaxilla ; px, premaxilla ; p, parietal ; p>, 
- ' • ilatine ; ji.n, internal nostrils; q, j— ' 

,„,,,, i '■<>, anpraoccipital i ty, tymnan 

; //, foramen for optic nerve ; F, for trigeminal ; IX, X, for glos 



presphenoid ; pg, pterygoid ; pi, palatine ; p.n, internal nostrils ; q, quadrate 



q.j, quadra Coju^ ; aq, squamosal; a,o, aupraoccipital ; ty, ty 
p, vomer ; //, foramen for optic nerve ; V, 1 ' ' '" 

pharyngeal and vagus ; XJJ, for hypoglossal. 
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the* chapter on the respiratory system.) A complete bony palate 
like that of. Crocodiles is never present, so that the Bird's skull 
here manifests a decidedly lower stage of development than that 
of the higher Reptiles. The quadrate is nearly always movable 
upon the skull, as is also the whole maxillopalatine apparatus, the 
palatopterygoid bar sliding on the rostrum of the basisphenoid, 
and so allowing the beak to be raised or lowered to a greater 
or less extent. This mobility of the upper jaw is most marked 
in Parrots, in which the frontonasal joint forms a regular hinge. 
Teeth are no longer developed in existing Birds, their place being 
taken functionally by horny sheaths covering the bones of the 
jaw, and forming a beak. As in Reptiles, a fenestra ovalis and 
fenestra rotunda are present, as well as a tympanic cavity opening 
into the mouth. 

The visceral skeleton is greatly reduced, though the first 
branchial arch not only persists, but may, as in the Woodpecker, 
grow out into a pair of very long jointed rods extending far 
over the skull. > 

(For other details, compare Fig. 65, A, B, C.) 



E. Mammals. 

In Mammals there is a much closer connection between the 
cranial and visceral regionfis of the skull than is the case in the 
Vertebrates already described (oorap. Figs. 66a and b). In the 
fully-developed skull both maxillary and palatopterygoid regions 
are united to the cranium, though even in Man a facial and a 
cranial region can be distinguished. The higher we pass in the 
^Mammalian series, the more dot^s the former come to lie below 
thii latter; so that, in the highest types, their mutual relations to 
*ne another can no longer be so well expressed as being before 
^^A l. ell I in I, ito bv under and above. Thus in Man the facial 
. .'v* loton is proportionately small when contrasted with the great 
crnnial portion, and the reduction of the. angle between the basi- 
cranial and vertebral axes is carried still fuiiiher than in Birds. 

Tl'e base of the skull is preformed in cartilage, as in Reptiles 
and Birds : the parasphenoid has disappeared almost entirely, the 
anterior part of the basis cranii being formed by the ossification 
of the basal cartilage, which may be distinct, as a presphenoid 
(Mar^jupials, Rodents, and some Insectivores), or result from a 
union of the basal parts of the two orbito-sphenoids : a basi- 
sphenoid and basioccipital are always present. Most of the bones 
of the roof of the skull are developed directly in the subcutaneous 
fibrous membrane. 

The cranial cavity is closed in anteriorly by the cribriform 
plato of the ethmoid, which is perforated by the olfactory nerves. 
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TurbinaJs are present in the nasal cavity, but are never more than 
rudimentary in Cetacea. For further details as to the olfactory 
and auditoiy capsules and their mode of ossification, as well as the 
formation of the auditory ossicles, consult the chapters on the 



FJC. 68 a.— LONOIITIllNAL VERTICAL SbCTIOSB : 

A, SaUnaandra, moculosa-, B, TfStiido gr:eca, and C, Corws eoram. To hhiivt 

THE BELATIONS BETWEEK THE CRAKIAL AND VlSCESAL POKTIOSS. 

olfactory and auditory oi^ans. Remains of the primitive cartilage 
are seen in the nasal region in adult Mammalian skulls. 

It has already been stated that, as regards the hard palate. 
Mammals essentially agree with Crocodiles, but the pterygoids 
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(except in Auteaters and some Cetacea) do not take part in 
formation. 



Fic. 68n. — LoKOiTDDitJAL Vertical Sectioms 
A, Deer, B, Baboon, and C, Man, to si 
I'lTE Crahial and Visceral Poetionb. 

According to recent researches the premaxilla appears to 
originate primitively by a double ossification on each side. In the 
middle line it bounds a canal which forms a communication between 
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the nasal and oral cavities (incisive or naso-palatine canal). In the 
lateral parts of the face of most Mammals, the jugal or malar 
connects the maxilla with a process of the squamosal instead of 
with tlie quadrate, as in Amphibia and Sauropsida : in Ungulata 



"■'!'> tympanic hduuIub ; au, auditory capsale ; b.hy, basihyal ; c.ky, cerAtohjal ; 
cr, cricoid ; d, dentRiy ; e.ky, cpihjal ; e.n, ex^mal nostril ; eo, exoccipital ; 
/, fixintal ; h.hy, hypohs-a] ; i, j'ugd ; in, incua ; fc, lacryma] ; mk, Meckel's 
cartilage ; ml, malleUB ; mx, maxilla ; n, tiasfll ; oc.e, occipital condyle ; p, 
parietal ; pa, palatine ; pe, pTemaxilla ; 90, supraoccipital ; at, stapes ; >.t, 
BQperior turbinal ; st.ia, stapedius muscle ; sq, squamosal ; fA, tliyroid ; tr, 
tmchea ; V, foramen for first, and V tor second, division of the trigeminal ; 
II, optic foramen. 

'^<^ ■ 

and Primates, wheCuie jugal is also connected with a process of 
the frontal,* the orbit becomes almost completely separated from 
the temporal fossa. 

' Most of the true Kaminants are provided with horns projecting from the frontal 
bonos: these are of three kinds;— 1, hollow horns (in the Caricoruia); 2, solid 
horns (ftntlere of Cemdie} ; and 3, horns of the Giraffe. 

In the Cavicomia (Bovinie, Antelopiuie, CaprinEe, Ovince) bony processes are 
iteveloped from the frontals, which become enveloped by horn formed from Che epi- 
dermis. In the CervidfB, a membrane bona becomes developed in the derma round 
each process of the frontal, with which it fuses. This ^owb out to form the antler, and 
after attaining its fall development, the skin covering it dries up owing to the develop- 
ment of the "burr" at its base ; this conatiicta the vcsaels, and the antler, being 
deprived of nutriment, falls off. Thia occurs periodically at the close of the breeding 
season. In the young animal, the antlers are simple, but year by year they become 
more complicated and branched. Giraffes possess peraistent antlers covered by hair 
without any process from the frontal, whicn do not become anchylosed to the latter 

The differentiation into "horn-" and "antler -bearers" first began in the Miocene 

''^' ■ 2 
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The lower jaw, each ramus of which is composed of a single 
piece, corresponds to the anterior portion only (dentary, splenial, 
and coronoid) of the mandible of Sauropsida, and it articulates 
secondarily with the squamosal. Concerning the primary relations 
of these parts, compare the chapter on the auditory organ and 
Fig. 67. The hyoid arch is often reduced to a fibrous band, the 
stylo-hyoid ligament, and is connected proximally with the base of 
the auditory capsule and distally with the third visceral (that is, 
the first true branchial) arch. The latter forms the proper body of 
the hyoid with it« greater cornua. Eemains of the fourth visceral 
(second branchial) arch are present in some cases, as in the Porpoise 
(Phocsena), for example. For the air-sinuses of the skull compare 
the chapter on the air-sacs of Birds. 
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y. LIMBS. . 

The limbs or extremities, which are, as appendicular organs, 
distinguished from the axial organs (head, neck, and body), 
serve mainly for locomotion, and may be divided into two groups, 
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the paired and the unpaired limbs. Both arise in Fishea as 
linear proliferations of the epiblast, which form four folds or ridges 
— a dorsal and a ventral, extending from the head backwards 
to the tail, and two lateral (Fig. 68, A, D, 8, S^)} Mesoblastic 
elements extend into them later. 



a. UNPAIRED LIMBS. 



The unpaired limbs, which are characteristic of Fishes, are 
developed from the dorsal and ventral ridges. They either remain 
continuous in their further development, as in some Fishes and 
tailed Amphibians, or else certain parts undergo degeneration, so that 




Fio. 68. — Diagram showing (A) the Undifferentiated Condition of the 
Paired and Unpaired Fins in the Embrto, and (B) the Manner in 
WHICH THE Permanent Fins are formed from the Continuous Folds. 

D, dorsal fin-fold ; Sj St lateral folds, which unite together at S^ to form the ventral 
fold ; MF, FF, dorsal fins ; SF, tail-fin ; AF, anal fin ; BrF, pectoral fin ; 
£F, pelvic fin ; An, anus. 

they only persist in certain regions, which are spoken of as dorsal, 
caudal, and anal fins (Fig. 68, A, B) : in these regions muscles 
and skeletal parts (fin-rays) become formed. 

After the formation of the epiblastic fin-folds, the next parts of the unpaired 
fins which appear are the muscles, and then follow the supporting cartilages ; 
these latter arise, like the skeletal parts of the paired fins, entirely independently 
of the axial skeleton. The connection between the latter and the unpaired fins 
is only secondary. This holds good also for the caudal fin, in which the 
relation between the axial skeleton and that of the fin is a very close one. 

The caudal fin is the principal organ of locomotion in most Fishes, and it 
acts in a horizontal direction : the paired fins play only a secondary part, and 
are principally concerned in rising and sinking in the water.* 

^ See also p. 86. 

' The curious suctorial disk on the dorsal side of the head of the Bemora 
(Echeneis), by means of which it attaches itself to foreign objects, arises in the 
embryo from the anterior portion of the dorsal unpaired fin, and this is indicated 
throughout lifo by the aixangement of the blood-vessels, nerves, and skeletal parts. 
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In many tailed Amphibians and Amphibian larvae (including 
those of CsBcilians), the unpaired fins are represented by a fold of 
the skin extending along the dorsal and ventral sides of the tail. 
In some cases this fold extends along the back right up to the 
head, but it never gives rise to bony or cartilaginous supporting 
elements. In the male Triton it becomes much enlarged during the 
breeding season. 

J. PAIRED LIMBS. 

No other morphological problem has given rise during the last 
twenty years to such extensive researches and to such varied 
solutions as the question of the origin of the paired limbs. Two 
very opposite views exist. According to one of these (Gegenbaur s 
view), the proximal parts of the extremities, that is, th.e pectoral 
and pelvic arches^ are regarded as being derived from branchial 
arches, and the distal or free portions as metamorphosed 
fin-rays. According to this theory, the pelvis is to be looked 
upon as a visceral arch which has changed its position so as to 
lie far back along the body. 

According to the other view (that of Dohm), the origin of the 
paired limbs has nothing to do with the visceral skeleton, but, like 
the latter, they are to be looked upon as the localised remains in 
definite regions of the body (thoracic and pelvic regions) of a series 
of cartilaginous bars originally extending along the whole trunk, 
and having a metameric arrangement. In other words.just as 
each body-segment of an Annulate may be looked upon as being 
provided with a pair of limbs, so also was each primitive segment 
of the Vertebrate body : recent researches seem to support this. 

These researches were made on Elasmobranch embryos, and in these each 
somite gives rise to a fin-element, each of which consists of two dorsal and two 
ventral bundles of muscle, two rods of cartilage, and a corresponding spinal 
nerve. Both pectoral and pelvic fins are made up of a considerable number 
of these fin-elements. It is interesting to note that these outgrowths from 
the somites are present along the entire length of the lateral epiblastic 
folds, that is, they exist at first between the pectoral and pelvic fins, as well 
as behind the latter, but in these regions they soon become aborted. The 
lateral epiblastic folds do not nm parallel to one another, as was supposed by 
Thatcher, Mivart, and Balfour, but converge towards the anus (Fig. 68, A) : the 
presence of outgrowths behind the anus, however, points to the possibility of the 
ventral unpaired fin having been originally paired. This probably was the case 
when the postanal gut of the embryo, as well as the ccelome, extended through 
the whole caudal region. After the formation of the definitive anus and the 
disappearance of the postanal gut, the two lateral halves of each primordial 
fin-fold fused together to form a median fin. Possibly the dorsal fin was also 
originally paired, for it arises by paired outgrowths from the dorsal part of 
the myotomes, so that in this case it was not situated in the middle line, but 
along each side of it.^ On the closure of the laminsB dorsales in the formation 

^ Dohm has lately attempted to prove that the unpaired fins 'of Petromyzon arise 
in a paired manner, and that this Fish must formerly have possessed paired pectoral 
and pelvic fins, which have gradually become lost. 
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of the cerebro-spinal axis, these two folds fused together iu the median dorsal 
line. Thus all the four longitudinal epiblastic folds (of Thatcher, Mivart, 
and Balfour) are possibly to be considered as arising originally from separate 
metametic outgrowths of the body-segments, that is, from parapodia, which 
have thus become gradually transformed into the fins existing at the present 
time. 

Paul Meyer supports this hypothesis pj finding parapodia-like outgrowths 
arranged in four rows along the caudal region in embryos of Pristiurus and 
Scyllium. 

Later investigators in this subject no longer even accept the 
homodynamy (i.e. the serial homology) of the pectoral and pelvic 
arches and limbs, but suppose that even ontogenetically the 
two arches can in no way be compared with one another, for, 
arising in an entirely different manner, they can only be 
regarded as "apparently similar" structures. Which of these 
attempts at an explanation of the problem comes nearer to the 
truth cannot yet be definitely stated, and the relative merits of the 
views just put forward cannot be discussed here. 



Pectoral Arch. 

\m- — Owing to the absence of paired fins in Amphiozus 
and Oyclostomi, pectoral and pelvic arches are also wanting. In 
Elasmobranchs the pectoral arch consists of an extremely simple 
cartilaginous bar, the two halves of which are united ventraily 
by cartilage or fibrous tissue (Fig, 69, SB) ; and it has at first a 
similar structure in embryos of Ganoids and Teleostei. 

Later, however, in both the last-named groups, a row of bony 
structures arising in the perichondrium becomes developed in this 
region ; so that one can dis'tTnguish^-between a secondary or bony 
pectoral arch, and a primary or cartilaginous one. • 

The free extremity, or fin, is connected with the hinder and 
outer circumference of the (primary) arch, and its point of 
attachment may be taken as separating an upper dorsal and a 
lower ventral section. The former, which is often connected with 
the vertebral colunm, corresponds to a scapula, and the latter to a 
coracoid plus precoracoid (clavicle) of the higher Vertebrata.^ 

In Teleosteans and bony Ganoids, the bony (secondary) arch 
forms the principal support of the fin in the adult, the main 
element being a large clavicle (Fig. 70, i>). The primitive rela- 
tions are thus much altered. The arch becomes secondarily 
connected with the skull {Cm). For further details, compare 
Fig. 70. 

Amphibia and Reptilia. — In these types, the secondary bony 
apparatus is of less importance, for the primary arch is more 

^ The pectoral arch of Dipnoi is intermediate in character between that of Elasmo- 
branchs and Ganoids. It shows so many special peculiarities as regards form and 
petition, that it cannot be fully described here. 
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Fjg. 09. -^Pectoral Arch and Fin of Seplanchvt. 
i, SB^, pectoral arch, with a nerve-aperture at NL ; Pr, Its, Mt, the threa 
basal elements of the fin— pro-, meso-, and metapt^rygium ; Sa, cartilaginous 
fin-rays ; a, b, the main fin-raj, lying in the axis of tbe metapteryginni : 
+, single ray on the other aide of tbe axis (indication of a biaenal type) ; FH, 
homy rays, cut throngb. 
•-.^ Cm 



Fig. 70. — Left Pectoral Arch and Fin of the Trout. (From the outer side.) 
D, 1?, D', chain of aecondary honea of the pectoral arch (clavicle and supraclavicle), 
which is connected with the skull by means of the post-temporal (Cm) ; .S and 
Co(Cl), bony scapula and coracoid, which have became developed in the cartilage 
{Kn) ; L, foramen in scapula ; li^, metapterygium ; Ka, Sa, the eecond and 
third, and i, the fonrth basal element of the fin ; Ma', the second cartilaginous 
row of radii ; BS, bony ray on the border of the fin, which is conuecwd with the 
fourth basal element ; F, S, bony fin-rays, shown cutaway from their attachments. 



PECTORAL ARCH. 89 

extensively developed. In all the higher Vertebrates it is formed 
on the same plan as in Amphibia, and becomes more or less 
completely ossified. 

It always consists on each side of a cartilaginous or bony 
dorsal plate (scapula), which curves round the side of the body, 
and becomes continuona ventrajly with two processes — an anterior 



FlO. 71-— DlACllAM OF THE GBOUND-TSPB OP pECTORAL AeCH MET W 
ALL VEBTEBRATA, FKOU THE AHFHIBIA UP TO MAUHALIA. 

S, scapula ; Oo, coracoid ; CI, precoracoid (olaTicle) ; ff, humenu. 



i Pedtobal Aucu and Steokuu 

St, Btemuni ; a, poiot where the two comcoids overlap ; CI, precoracoid (clavicle) ; 
SS, Buprascapula, ahowo extended transversely outwards on the left aide ; t, bony 
acapnia ; S,\nv 




Fio. 73,— Pectokal Arch of a Chblonian. (Ventral view.) 
S, scapula ; Co, coiacoid ; Co', epicoracoid ; CI, precoracoid (clavicle) ; B, fibrous 
band between theae two elemeuts ; Fe, fenestra between them ; Q, glenoid 
cavity. 

(precoracoid, or clavicle), and a posterior (coracoid) (Fig. 71, 
S, CI, Co). It always becomes connected ventrally with the 
sternal apparatus (compare Figs. 3S, 39, 74). 

The two coracoid plates either overlap one another in the raid- 
ventral line, or else their free edges come into apposition and fuse 
together (Figs. 74 and 38, Co. Co^). 
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As Id the rest of the skeleton, cartilage plays the most im- 
portant part in the pectoral arch of Amphibia {see Fig, 74), while 
in all the higher Verfcebratea the eaitilage is almost entirely 
repla<;ed by bone (scapula, coracoid, and clavicle). Unossified 
spaces are often left in the coracoid, giving rise. to fenestrae closed 
over by fibrous membrane (lizards) (Fig. 39, a, b, c). 

In Lizards, a cross or "f-ahaped parosteal bony plate, the inter- 
clavicle, lies in a groove on the under side of the sternum in the 
middle line. In Crocodiles a slender rod-like interclavicle is also 
present, and has the same relations, though clavicles are wanting.' 



Fio. 7*. — Pectokal Aech and Sternum of Btymbinator ignats. 
St, stenium, with its two processes, a, a' : S, acapnia ; SS, saprasoapula, in siiu on 
the left aide, spretid ont horinml^ly on the right ; Co, coracoid ; Co', epicoracoid, 
which on both sides overlaps the anterior part of the atemnm ; CI, precoraooid ; 
CI', bony clavicle ; Fe, fenestra between clavicle and coracoid ; O, glenoid 
cavity. 

The presence of a pectoral arch in numerous footless Reptiles 
(some Skinks, Amphisbienians) indicates that they formerly pos- 
sessed extremities ; rudiments of the latter may even be seen in the 
embryo, though they disappear entirely later on (Anguis fragilia). 

Blrda.— In Birds, the scapula consists of a thin and narrow 
plate of bone, often extending far backwards, the strong coracoid 
being bent at a sharp angle with it in all Carinate Birds (Fig. 36, 
S and Co). The lower end of the latter is firmly articulated in 
a groove on the anterior edge of the sternum. 

In almost all Flying Birds the clavicle is well developed, and 
becomes united with its fellow to form a furcula^ (comp. Fig. 36, 

' It is doubtful whether the three anterior elements of the plastron of CheloniaDB 
correspond to clavicles and interclavicle, as supposed by Parker and Huxley. 

' The median plat* often present at the point of junction of the clavicle ia some- 
times described as nn interclavicle, but Its late appearance in the embryo aeems to 
negative this view. 
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Fu{Cl)y for its relations to the rest of the pectoral arch and to 
the sternum). 

Amongst the Cursorial Birds, the Emeu (Dromaeus) and Casso- 
wary (Casuarius) possess rudimentary clavicles : in the others 
they are wanting. 

In Archaeopteryx, the scapular region only of the pectoral 
arch has been satisfactorily made out, and this resembles that of 
existing Birds. 

Mammals. — In Monotremes only amongst Mammals does the 
coracoid extend ventrally to reach the sternum ; in all the others 
it becomes reduced, and simply forms a prominent process on the 
scapula (coracoid process), which becomes ossified from a 




Fig. 75. — Pectokal Arch of Omithorhynchtts paradoxus. 

St, steiTium ; Ep, interclavicle ; Co, coracoid ; Co', epicoracoid ; S, scaimla ; CI, 

clavicle ; G, glenoid cavity. 

separate centre. Thus the scapula alone serves to support the 
extremity ; it becomes at the same time greatly broadened out, 
and gives rise on its outer side — in connection with the highly 
differentiated muscles of the limb — to a strong ridge (spina 
scapulae), which extends downwards to form the so-called 
acromion. 

The distal end of the clavicle usually becomes connected with 
the acromion, its proximal end articulating with the anterior edge 
of the sternum. 

In those Mammals in which the fore-limbs are capable of very varied and 
free movements, the clavicles are very strongly developed. In others, such 
as the Carnivora and Ungulata, they may be entirely wanting or only 
rudimentary, and in the latter case their relations to the scapula become 
altered. 
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FelTlc Arch. 



Fishes. — The Dipnoi have probably ret-ained the most primi- 
tive Ibrm of pelvis amongst existing animals. It consiste of a 
cartilaginous plate lying in the mid-ventral lino, from which two 
pairs of processes, an anterior and posterior, arise. The hinder 
extremities articulate with the posterior (Fig. 76, b), while the 
anterior pair are to be interpreted as iliac processes (Fig. 76, a). 
The latter vary much both in form and size, and, as in young 
specimens of Protopterus, may extend widely outwards, embedded 
in the intermuscular septa (i/^). A delicate rod-like process 



Fio. 76.— Pelvis of FruiopUrus. (From the ventral side.) 
a, iliac process, which may become forked at its distal end ; *, process to which the 
hinder extremity (SE) is attached ; Or, sharp lidge, (or attacfament of muBclus ; 
c, median procciis ; M, M, myotomes ; Jf* , J/', intermoscolai septa. 

arises between them from the anterior border of the plate and 
extends far forwards in the middle line (Fig. 76, c). 

The pelvis of Elasmobranchs may be derived from that of 
Dipnoi, although it must be looked upon as a degenerate form. 
It consists of an unpaired or paired plate of cartilage, on which 
processes corresponding to those described in Dipnoi may be seen, 
though these are often very rudimentary. In Cbim^era an iliac 
tract is much more plainly marked. 

Amongst all other Fishes, the existence of a pelvic rudiment 
has been proved with certainty only in the case of Folypterua. 

Amphibia. — In Amphibia, as in all the remaining higher 
Vertebrata, a dorsal and two ventral pelvic elements may be 
distinguished. The former, or ilium, is connected with the sacral 
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vertebrae, and corresponds to the iliac process mentioned above 
as being present in some Fishes ; of the latter, the anterior ventral 
element is spoken of as the pubis, the posterior as the ischium. 
The articular cavity for the thigh-bone (acetabulum) is situated at 
the point of junction of the pelvic elements. Thus we meet here 
with a ground-form essentially similar to that of the pectoral arch 
(Fig. 71). 

In the pelvis of Urodela and Anura a single ventral plate is 
seen on each aide, which comes into contact with its fellow to form 



Fio. 77. — Pelvis of Salauander {SaUanandra maculosa). (Ventral view 

11, Uinm ; Is, ischiam ; F, pubis(!) (pais scetabularial) ; Fo, obturator foramen 
iBihio-pubic symphysis ; t, two protuberances, pieaent in many Urodelea : 
epipublE cartilage, with its forked ends {a, b) ; G, acetabulum. 



a symphysis (Fig. 77, Sy), and the anterior part of which usually 
remains cartilaginous throughout life. It cannot, at present, be 
stated with certainty whether this part corresponds to the pubis, 
or to a fourth element, the pars acetabularis (Fig. 77, P, and 
78, ^7tr),which is present in many Amniota, inserted between the 
pubis and the acetabulum (comp. Fig. 83a). The posterior part, 
which always becomes ossified, is without doubt an ischium (Js), 
In some Urodeles a delicate rod of cartilage arises from the middle 
line of the anterior border of the pelvis, and becomes bifurcated 
distally (Fig. 77, Sp, a, b). Amongst the Anura, this epipubis 
("ypsiloid cartilage ") is only present in Dactylethra capensis, 
where its form is somewhat different, reminding one of the delicate 
median process of the pelvis of Dipnoi (Fig. 76, c). The so-called 
" marsupial bones " of Monotremes and Marsupials have probably 
been developed from the representative of the epipubia 

In correspondence with the mode of progression in Anura, 
the ilium of each side becomes extended so as to form a. long rod 
(Fig. 78, //), and the two ventral plates, which in Urodeles lie 
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in the plane of tlie abdominal walla, become cloaely pressed 
together in the middle line, and so give rise to a well-marked 
keel (Fig. 78). 




Kto. 78. — Pblvk Arch of Froo (fiana aculenia), (A, from below ; B, from tlio 

/', P, ilium ; /], ischium ; Kn, pubis (?) (pars ttcetabulurts I) ; Cr, the median 
ventral iBchio-pabic creat ; O, acetabulum ; Oc, uroatyle ; PI, transverse process 
of sacral vertebra. 



JDt' 




fia. 78.— Pelvis of Lochia muTnlis, (Ventral view.) 
11, ilium ; It, ischium ; Fo, foramen in the pubis for the obturator nerve ; Kn, Ka,\ 
cortilasiuoua elements lying at the e3r(npbysi9 of the ischium {Sy) and pubis 
n ill I — ] ■;__ these cartilages ; Fc, foramen coldi- 



Reptllea and Birds. — -In these, the well-ossified elements 
of the pelvis are sharply differentiated, and, as the pubis in 
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Reptiles usually extends forwards for some distance in the middle 
line, a large space (foramen cordifonne) is present between it and 
the ischium: in Lizards, Crocodiles, and Turtles, this space 
ia divided into two halves by a median fibro-cartilaginouB band 
(Fig. 79, Kn, Kt^, B). In land and fresh-water Tortoises, in 
place of this band, the median ends of the pubis and ischium 
extend towards one another and meet in the mid-ventral line, and 
thus the space (obturator foramen) between them becomes entirely 
surrounded by bone. 



—Pelvis of a Young Alligator lucitis. (A, ventral, and B, aide view.) 



□bturatUDi ; B, fibrous band between the symphj'aes pubis and ischii ; t) carti- 
lagioouB apophysis of the ventral acetabnlar process of the ischium, which ia 
interposed between the process a of the ilium and the pubis ; b, foramen in 
the acetabulum, bounded posteriori; bj the two processea, a and b, of the iliam 
and iHcbiom reapectively, which here mfet one another ; ■*, indication of n for- 
ward growth of the ilinm, such as ia met with in Dinoeaurians and Birds ; G, 
acetabolum ; 7, //, firat and second sacral vertebne ; M, fibrous membrane ex- 
tending between the anterior margin of the pubis and the last pair of "abdominal 
ribs"(-Bfl). 

In Crocodiles we meet for the first time with a considerable 
extension of the ilium (Fig. 80, B, H), so that now a longer 
posterior, and a shorter anterior process may be distinguished. In 
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DiuosauriaDS the latter (Fig. 81,') is more strongly developed, 
and plainly leads towards the form of pelvis seen in Birds. 



"^ 



% 



F 10. 81.— Pelvis of Iguaaodon berniasartnais, (After Dollo.) 
, preaceta'bular, and Jl, postocetsbnlar proceu of the ilium ; a, acetabnlnm (per- 
forated) ; P, pars acetabulaiis (pectineal proceas of pubis) ; F', pabU ; Ji, 
iachiam. 



Fio. 82. — Pelvis of Apler^ auslralu. (Lateral view.) (After Uarah.) 
il, ilium ; ia, ischiam ; p, pectinesl process of pubis ; p', pubis ; a, acetabulum. 

In Birds (Fig- 82), both pre- and postacetabular portions of 
the ilium are lai^ely developed, but vary in their relative propor- 
tions (comp. p. 44), In Crocodiles the pubis is to a great extent 
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Fio. B3a.— Pblvis op a Six-Dats' Chick. (After A. Johnson.) 
Jl, ilium i Jt, ischium ; pb, pubis ; pp, peotineal process of pubis. 




FiO.SSB, — DtAQKAH B 

J, irram ; Js, ischium ; P, pubia ; A, aoetabulsr bone ; Ac, acetabnlnm. 



Fio. 8J.— Pelvis or Echidna. (From the left side.) (After Gegenbaur.) 
Jl, ilium ; Ii, ischium ; P, pubis ; Om, msrsapisl bones ; Fo, obtiiri.tar foramen 
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shut out from the acetabulum by the cartilaginous pars ace tabularis 
(Fig. 80, B, t> P)i aiid in them, as well as in Birds, the acetabulum 
is perforated (Fig. 80, B, 6, and Figs. 81 and 82, a). 

What most distinguishes the pelvis of Dinosauria and Birds 
from that of Reptiles is the position of the pubis (^Figs. 81 and 
82, P^), It has the form of a delicate bar of bone directed back- 
wards, and running parallel and even fusing (Birds of flight) with 
the ischium, which also extends far backwards. It is very difficult 
to explain the homology of a strong bone, arising from the 
antero-ventral border of the acetabulum of Dinosaurians, indi- 
cated by the letter P in Fig. 81. It is, however, probably to be 
looked upon as a special outgrowth from the pars acetabularis of 
each side. Rudiments of this bone, which may be called the 
pectineal process of the pubis, are also present in Birds (Figs. 
82, p, 83, pp). 

In Birds the elements of the pelvis usually become anchylosed 
to one another, while in Reptiles and Dinosaurians they remain 
distinct. The pubis of either side meets its fellow only in Struthio, 
and the ischium in Rhea. 

The pelvis of Archseopteryx possessed a broad pre-acetabular and a long 
and slender post-acetabular portion of the ilium. The ischia appear to have 
been united by symphysis : nothing is known of the pubis. 

Mammals. — The four elements of the pelvis here remain 
separated for a long time by cartilage, but later they become fused 
together. The angle between the axes of the ilium and sacrum 
is smaller in Monotremes than in the higher Mammals. 

The original type with both pubic and ischiatic symphyses is 
seen in Monotremes, Marsupials, many Rodents, Insectivores, 
Ungulates, and Carnivores. In many other Insectivora and 
Garni vora, and more particularly in the highest forms, the Pri- 
mates, the ischia no longer meet below. The greatest amount of 
variety in the form of the pelvis in any one order is seen in 
Insectivores, in some of which {e,g. Mole), as well as in most Bats, 
the symphysis pubis is not closed. 

There is no pars acetabularis (see Fig. 83b, J ) in Monotremes and Bats, nor 
in numerous representatives of the other principal Mammalian groups. It 
always lies anterior to the " incisura acetabuli," and is most strongly developed 
relatively in the Mole (Talpa), where it shuts the ilium as well as the pubis 
out of the acetabulum ; in by far the greater number of Mammals the pubis 
only is thus excluded. The ischium always forms part of the acetabulum. 
In older individuals the acetabular bone may become united with either of the 
other three pelvic bones : thus in Man, some Rodents, and Marsupials, it 
fuses with the pubis ; more commonly, however, it fuses with the iscnium or 
ilium. In the Pinnipedia all four elements take part in the formation of 
the acetabulum. 

The pars acetabularis always becomes ossified much later than the other 
pelvic elements, and the pubis ossifies later than the ilium and ischium. 

In Monotremes and Marsupials of both sexes, two strong* 
bones (" marsupial bones ") (Fig. 84, Om) arise from the anterior 
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border of the pubes, right and left of the mi3^die~HTiB, and extend 
forwards in a straight or oblique direction. At present no satis- 
factory morphological explanation has been given of them, and 
we can only compare them with the epipubic cartilage of Dipnoi 
and Amphibia, which has the same relations to the pyramidalis 
muscle (comp. p. 117). Fibrous rudiments of them are to be seen 
among Dogs. 

Before leaving the pelvic arch it may be pointed out that, 
like the pectoral, it is not restricted to any particular body- 
segment, but that both present much variety as to position, 
pliylogenetically as well as ontogenetically. 

FREE LIMBS. 

Fishes and Dipnoia — In the Dipnoi, taking Ceratodus more 
particularly into consideration, both pectoral and pelvic fins are 
supported by a cartilaginous axis, made up of a great number of 
small segments which are movable upon one another. 

Numerous small jointed cartilaginous rods or radii are disposed 
serially along the dorsal and ventral sides of this axis, and these 
gradually decrease in size towards its distal end. Towards the 
l-eriphery of the fin the place of these cartilages is taken by fine 
liorny rays, which are covered by fibrous tissue as well as by the 
skin ; thus a broad paddle-like fin is formed. Both pectoral and 
pelvic fins have a similar form and structure, and in their natural 
position a lateral (external) and a medial (internal) surface can 
be distinguished. The dorsal radii are much more numerous 
than the ventral, which have undergone reduction. Thus the 
biserial type of fin is already modified in Ceratodus, and this 
modification is carried still further in Elasmobranchs (comp. 
Fig. 86), until eventually only a single series of radii (Fig. 69, 2ia) 
remains. This series corresponds to the dorsal row of Ceratodus, 
but in consequence of its position in the adult fin, where it divides 
a dorsal from a ventral surface, it is spoken of as lateral.^ 
The radii are much jointed, the segments being arranged in a 
mosaic, and closely bound together by fibrous tissue. They are 
covered over by the shagreen-like skin, and are continued out- 
wards towards the periphery of the fin by a large number of horny 
rays (Fig. 69, FS)y so that the size of the fin is thus considerably in- 
creased; Three larger cartilaginous basal elements lie proximally 
to the small radii, and are spoken of as pro-, meso-, and meta- 
pterygium respectively (Fig. 69, TV, i/s, Mt), They are connected 
with the pectoral arch {SB), and the metaptery gium {Mt) together 
with the distal elements lying along the same axis (a, 6) represents 

^ Fig. 54 sHows How mncli reduction the skeleton of the fins has undergone in 
Protopterus, the lateral rays having almost entirely disappeared. The whole ex- 
tremity consists simply of a long segmented cartilaginous filament, which no longer 
serves as an organ of locomotion. 

H 2 



COMPABATIVE ANATOMY. 



Fio. 86.— Pectoral Fin of CenUodus/Mteri. 

<t, b, the two fint segmentsof tbe main axUl ray ; t, t, lateral rays, or railii ; FS, 

hamf rays, ehowa only on one side. 
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the main ray of the fin (basipterygium). This serves as the 
chief support for all the other rays, and is to be considered as 
the homologue of the axial ray of Ceratodus. The above 
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description holds good for the pectoral fin only of Elasmo- 
branchs ; the pelvic fin, however, is formed on a similar plan, but 
remains in a lower stage of development, which is mainly expressed 
by a limitation in the number of its basal segments. Thus a meso- 
pterygium is not developed, and the propterygium is more or less 
rudimentary, the metapterygium being in this case also the most 
important element. In male Elasmobranchs, a cartilaginous ap- 
paratus — ^the skeleton of the "claspers'' — is connected with the 
metapterygium (comp. p. 327). 

In Ganoids, and still more in Teleosteans, the essential 
plan of the cartilaginous portions of the fins may be derived from 
that of Elasmobranchs ; the primary skeleton of the fins, how^ever, 
undergoes a considerable reduction, and, in consequence of the 
appearance of menibrane-bones in connection with it, aprimary 
and a secondary skeleton may be distinguished. 

The skeleton of the fins of Siluroids, Cyprinoids, and Gymno- 
tidaB, amongst the Teleostei, comes nearest to that of Ganoidei, 
that of the Gymnotidse being the most primitive of the three. 



GENERAL CONSIDERATIONS ON THE LIMBS OF THE 

HIGHER VERTEBRATA. 

Though it is easy to derive the skeleton of the fin of all the 
orders of Fishes from a single ground-type, it is far more difficult 
to trace the connection of the latter with the extremities of 
Amphibia. Between these two types of limb there appears to 
be a wide gap, in consequence of the different conditions of life 
existing between Fishes and Amphibians ; and the question thus 
arises — In what manner has the limb of an air-breathing Verte- 
brate, adapted for progression upon land, become derived from the 
fin, only fitted for use in the water ? 

Palaeontology furnishes no answer to this question ; we know of 
no fossil intermediate forms of limb, and it is at present, therefore, 
only possible to suggest a hypothesis on the subject. We may 
suppose that when the primitive Amphibian first began to take on 
a terrestrial mode of life, its fin, which we may look upon as a 
single-jointed lever, and which amply sufficed for the movement of 
the body in a fluid medium, became gradually transformed into a 
many-jointed system of levers. 

In other words, as the function of the limb was no longer 
simply to propel the body forwards, but also at the same time 
to lift it up from the ground, the firmly connected elements 
of the skeleton of the fin gradually became loosened from, and 
placed at an angle to, one another (knee, elbow), definite articu- 
lations being formed between them in a proximo-distal direction. 
Moreover, the extremity must have changed its position with regard 
to the body, so that, instead of projecting horizontally outwards, it 
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bec£tme bent downwards, and thus the angle between it and the 
median plane of the trunk was gradually reduced, until in Mammals 
eventually, the longitudinal axis of the limb, when at rest, came to 
lie parallel with the median plane of the body. In the higher 
types this is more particularly the case as regards tte posterior 
extremities, the anterior undergoing the most varied adaptations 
and modifications, and giving rise to tactile, prehensile, or flying 
organs, or, as in aquatic Mammals, becoming once more converted 
into rowing organs. 

Thus we may also reduce the limbs of all the higher Vertebrata 
to a single ground-type, and we may further connect the latter 
with the fin of Fishes by taking the ground-plan of the fin of 
Ceratodus and Elasmobranchs, consisting of a main axis and 
lateral rays, as a starting-point. Figs. 87 and 88 will render this 
statement clear. In Fig. 88, a thick line (ffS) is seen beginning 
at If, and passing through F, i, c, c, 2, to //. This is the main 
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Fio. 87. — Diagrammatic Figukes to show the Delations of the Free 
Extremity to the Trunk in Fishes (A), and the Higher Vetebrates (B). 

S, pectoral arch ; Mt, metapterygium, which corresponds to the main ulnar ray 

{(71) ; Jtid, secondary radial ray. 

axis, and from its proximal end (at H) a lateral ray passes off 
through T, t, to /. A second series of lateral rays arises from 
the other side of the axis. Thus we have here also the primitive 
biserial form, with a marked preponderance of one row of radii. 
At the same time it must be borne in mind that this arrange- 
ment of radii on an axis is less plainly seen in the embryonic con- 
dition than in the adult limb, and we must therefore speak of 
the relations of these parts as similar rather than as strictly 
homologous. 

The fore- and hind-limbs show a great similarity as regards the 
form and position of their various parts. A division into four princi- 
pal sections can always be recognised : in the case of the fore-limb 
th^se are spoken of as upper arm (brachium), fore-arm (anti- 
brachium), wrist (carpus), and hand (manus); and in the 
hind-limb as thigh (femur), shank (crus), ankle (tarsus), 
and foot (pes). While the bone of the upper arm (humerus) 
and of the thigh (femur), corresponding probably to the raeta- 



Fio. 88. — PosTEKiOK ExTBEHiTT OP Banodun tibcriaii. 
II, humema ; SS, Biial mj ; F, fibula ; T, tibi& ; t, mtermedium ; i, tibiale ; f, 
llbniare ; e, e, the tiro centralia ; 1 to S, distal urwJia ; f, traces of « liztli ray 
withia tho proximal row of the toraus ; / to K, the five metatBrsals. 



Fia. 89. — RiQHT FoRE-ABH, Cabfus, and Hand of Salamandm mtuaUota, 

(From above.} 

R, radiUB ; U, ulna ; r. radiale ; i, u, inteTmedio-alnare ; c, centrale i I to 4, first to 

fourth carpalia ; Mc, Me, metacarpals ; Ph, phalanges ; / to IV, fint to fonrth fingers. 
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pterygium, is always unpaired, two bonea are present in the 
fore-arm tmd shank. The former are called radius and ulna, 
and the latter tibia and fibula. The hand and foot may also be 
respectively divided into two Bections, a proximal metacarpus 
and metatarsus, and a distal series of phalanges, which form 
the skeleton of the fingers and toes (digits). 

Both maous and pes are made up of several series of cylin- 
drical bones. There are never more than five complete series, 
which, except as regards number, present essentially similar primary 
relations throughout the higher Vertebrates. The skeleton of the 
carpus and tarsus, each of which always consists of a series of small 
cartilages or bones, shows much variation, but the following may 
be taken as a ground-type. Round a centrale, which may be 
double, is arranged a series of other elements, in which three 
proximal, and a varying number (four to six) of distal, may be dis- 
tinguished. The proximal, in correspondence with their relations 
to the bones of the fore-arm and shank respectively, are spoken of as 
radiale or tibiale, ulnare or fibulare, and intermedium; 
while the distal are called carpalia or tarsalia I to VI (in the 
iiarrower sense). They are counted beginning from the radial or 
tibial (pre-axial, Huxley) side (Figs. 88 and 89). 



Fio. 90. — BiOHT Tabsus or Diaeoglossiu piclut. {From abore.) 
Aa, ostragaliu ; Ca, calcaneum ; 1 to 4, thd four aeporate (cartilsKinaus) tarsalia od 
the tibial side, in relation with the rudimentarj eitra fineer (/) and dipta 1 to 3 
(JI to IV) ; 5 + 0, fibrous band representing the tamls of digits V&oi VI ; 
I, rudimentary sxtnt digit on tibial aide ; //to VI, metatarsals of digital to B ; 
t, singla phalanx of theestra tibial digit. 

Amphibia. — Whilst the anterior and posterior extremities of 
TJrodeles are formed essentially on theground-plandescribed above 
(Figs. 87 to 89),' in the case of the Anura the radius and ulna be- 

' Numerous aecondary fusions of the individual elenienta of both carpni and 
tarsus may, however, occur ; this applies also to the Anura. As a rule the anterior 
extremity is only provided with four tingera, though there are reasons for supposing 
that it at ore time, like tha poatarior, possessed five eomplete fingers. The nnmber of 
phalaj)ge« varies in different Amphibians, 
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come fused together, »nd the intermedium is wanting. The proximal 

row of the tarsus, moreover, consists of only two cylindrical bones, 
which are usually united together by an envelope of cartilage. 
One of these corresponds to a tibiale plus intermedium, and is 
called the astragalus; the other or calcaneum answers to a 
fibulare (Fig. 90, Aa, Ca). 

In the distal row there are as a rule four separate elements. 
Rudiments of a fifth carpal, as well as of an extra digit on the radial 
side, are usually present, and traces of an extra toe are also seen on 
the tibial side of the tarsus. 

In Anura, the metatarsals and phalanges, between which the 
web of the foot is stretched, are very long and slender. The femur, 
as well as the bones of the shank, which are fused together, are 
also exceedingly long, in correspondence with the mode of 
progression of these animals. 

The skeleton of the extremities is more strongly ossified in 
Anura than in Urodeles, in which many of the elements remain 
cartilaginous. 

Reptiles. — Chelonians and Lizards closely resemble Urodeles 
in the structure of the carpus, and here also traces of the 



Fio. 81, — RioHT CARPua or a Youso AlligaUrr Inciua. (Fmrn above.) 
A, ndioa ; U, nlsa.; r, nidule ; u, nlnsre ; 0, centrale ; 1 to 5, the five carpnlia, ax 
yet nuosaified, «f which 1 and 2, as well as 3, i, and 5, have become tOaeil 
together ; t> piaifoim ; I to V, the five metacarpals. 

former possession of an extra finger on the radial side are to be 
seen. The tibia and fibula always remain separate.^ 

In Crocodiles, which possess no trace of an intermedium, the 
proximal row of the carpus consists of two hour-glass-shaped bones 
— a larger radiale, and a smaller ulnare (Fig. 91). A rudiment 
of a sixth ray is present on the outer aide of the latter, and this 
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corresponds to the so-called pisiform bone of Mammals. The 
distal row of carpals is much less developed than the proximal. 

In the fossil Flying Reptiles (Pterodactylus, Rhamphorhynchus) the fourth 
finger was produced into a long jointed rod, which supported a wing-like 
expansion of the mtegument. 

In all Reptiles, the tarsus undergoes considerable fusion^ 
especially in its proximal portion, and leads gradually on to the 
type seen in Birds. Thus in Chelonians and Lizards the proximal 
tarsals all run together into a single mass, which corresponds to 
tibiale, intermedium, fibulare, and centrale. Traces of an extra 
radial ray are also present here. 

In the distal row five separate tarsals are developed, but these 
may unite partly with one another (Chelonians), and partly with the 
corresponding metatarsals (Lizards), and thus there is an increas- 
ing tendency for the movement of the foot to take place by means 
of an intertarsal articulation, as in Birds. 

In Crocodiles, there are two bones in the proximal row of 
the tarsus, one of which corresponds to a tibiale, intermedium, and 
centrale, the other to a fibulare. The former is spoken of as the 
astragalus, the latter as the calcaneum, and on it a definite heel 
(calcaneal process) is seen for the first time in the animal series. 
The distal row consists originally of four small cartilages, but these 
later undergo a partial reduction. 

Birds. — While the skeleton of the manus of Archaeopteryx (Fig. 
92) agrees in many points with that of Reptiles, that of existing 




Fio. 92. — ^Antebiob Extremity of Archceopteryx. (After C. Vogt.) 



Birds has become considerably modified by adaptation for flight, 
and correspondingly reduced. Of the five carpals of the embryo, 
the three distal become fused with the corresponding meta- 
carpals (Fig. 93, Mc, Mc)y while the two proximal remain separate 
as a radiale and an ulnare. The metacarpals themselves become 
in part united together, and only bear a very limited number of 
phalanges at their free ends. 

The small size of the head of the humerus, as well as the absence of a 
ridge for the insertion of the pectoralis major, and the probable small size of 
the sternum, prove that Archseopteryx could not have oeen a good flier. In 



^ 
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other points the humerus, radius, and ulna correspond closely with those of 
existing Birds. There was only one carpal (radiale), and the manus consisted 
of three free metacarpals and digits, of which the first possessed two, the 
second three, and the third four phalanges: all the digits were provided 
with claws (Fig. 92). 

Ten families of existing Carinate Birds possess the same number (two) of 
phalanges on the first finger as Archseopteryx, the distal one bearing a claw. 
Four families of GarinatsB also possess three phalanges on the second finger, 
like Archeeopteryx, but in only two of these families is there a claw on this 
digit. The third finger in all existing Carinates has only one phalanx,^ as 
compared with four in Archseopteryx, and this never bears a claw. Amongst 
the RatitSB, Apteryx and Casuarius possess only a single digit (the second), 
and it, like the first finger of Struthio and Bhea, is provided with a claw. 

The strongly-developed and pneumatic ^ bones of the arm and 
forearm stand out in sharp contrast with the greatly reduced 
skeleton of the manus ; and the anterior extremities in most Birds 
of flight, as the principal organs of locomotion, greatly exceed the 
posterior in size (Fig. 93, JJ, B, U), 




Fig. 93. — Anterior Extremity of Blackbird {Turdiut inerula), 

Ht humerus ; R^ radius ; U, ulna ; r, radiale ; Uy ulnare ; Mc, Mc, the three meta- 
carpals, with which the distal row of carpals has imited ; / to III, the three 
digits. 

The tarsus of Birds consists in the embryo of three elements, 
two small proximal and a broader distal. The former (tibiale 
and fibulare) unite later with the distal end of the tibia, thus 
forming a tibio-tarsus, while the latter, which corresponds to 
tarsalia i to F, becomes included in the base of the metatarsus. 
Thus the foot of adult Birds no longer possesses any distinct tarsal 
elements, though, as in Chelonians and Lizards, the foot really 
moves by an intertarsal articulation. Of the original five meta- 
tarsals, the fifth soon disappears, while the second, third, and fourth 
become united with one another and with the distal element of 
the tarsus to form a single bone, the tarso-metatarsus (Fig. 
94, Mt). The first metatarsal remains to a greater or less extent 
independent. 

^ In embryos of the Duck a cartilaginous rudiment of a second phalanx is pre- 
sent in the third finger of the manus. The Ostrich alone amongst existing Birds 
possesses a second phalanx on the third finger. 

' See p. 262, concerning the pneumatic character of the bones. 
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The number of toes varies between two and four ; that of the phalanges 
is normally 2, 3, 4, 5, reckoning from the first to the fourth digit. The tibia, 
even from the first, greatly exceeds the fibula in size. 

Palaeontological discoveries prove cleariy that the form of the Bird's tarsus 
has been gradutdly evolved from that of Dinosaurian-like forms. 

The foot of ArchaBopteryx was very similar to that of existing 
Birds, though the primitive separation of the tarsal elements is 




Fig. 94. — Posterior Extremity of Blackbird (Ttcrdus merula). 

Fet femur ; T, tibia, united with the fibula (F) ; t,*, apophyses of the tibia and meta- 
tarsus, corresponding respectively with the proximal and distal tarsal- plate : the 
original division of the metatarsus (Mt) into separate bones is indicated at its 
distal end at t ; I to IV, first to fourth digits. 

much clearer, and marked by deeper furrows. The first metatarsal 
was turned slightly outwards, and the toe itself backwards, like 
that of most existing Birds. 

Mammals. — In Mammals the anterior extremity either 
remains in the condition of a simple organ of locomotion, or it 
gives rise to a prehensile orgaii.^ In the latter case the radius and 
ulna, instead of being firmly connected together, remain separate, 
and articulate with one another. The movements of rotation 
which are thus rendered possible are spoken of as pronation 
and supination. 

^ In Bats, by the elongation of the fingers, between which a wing-membrane is 
stretched, it serves for flight. 
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The carpus and tarsus correspond essentially with those of 

XJrodeles and Chelonians, and, as in them, certain of the elements 

may become fused together. Thus the intermedium and tibiale 

as a rule unite to form an astragalus,^ while the fourth and 

fifth carpals become fused to form the so-calle d unc if p^'T^ hnn p, 

and the corresponding tarsals give rise to the cuboid. A 

centra le is always present at an early stage in all five-fingered 

Mammals, but as a rule it becomes fused later with the radiale, 

as in the case of the Gorilla, the Chimpanzee, and Man, though it 

may persist (in 4 cases per cent.) in the human subject throughout 

life. In the tarsus the centrale (navicular) remains distinct, and 

iisually lies on the inner border of the foot. (Compare p. 106 and 

small type below for mention of the pisiform bone.) 

A considerable modification of the homologies of the carpal and tarsal 
elements described above must be expected shortly. The results of recent 
researches (Bardeleben, Baur, Albrecht) on this subject are briefly as 
follows : — 

The astragalus corresponds to an intermedium ajs well as to another element 
which remains independent in Marsupials, but in other forms {e,g. Man) exists 
only in the embryo, and unites later with the intermedium. This second element 
is ^ther to be looked upon as a first centrale, or perhaps as a second inter- 
medium, and is represented in the carpus by the cuneiform (ulnare). The 
navicular corresponds to the scaphoid of the Mammalian carpus, that is, 
to a navicular proper plus a second centrale. The pisiform corresponds to 
the whole calcaneum. In human embryos of the second month a distinct 
cartilage is present on the tibial side of the tarsus, and this probably answers 
to a small bone on the tibial border of the foot of Monotremes, American 
Marsupials, Edentates, Carnivores, Rodents, Insectivores, and Monkeys. This 
most likely corresponds to an extra (first) toe (*' prehallux," Bardeleben). In 
the animals mentioned above, with the exception of Monotremes and the 
addition of Cheiroptera, a " prepollei *' is also present in the manus, consist- 
ing of a carpal and a rudimentary metacarpal. The distal rows of the carpus 
and tarsus correspond as regards their individual elements. That the unciform 
and cuboid originally each represent two elements* (Bardeleben) is shown 
by the fact that two digits are attached distally to each, and that in Marsupials, 
Rodents, and Hyperoodon, an indication of a division into two parts persists 
throughout life. Centetes madagascariensis alone has a double centrale in the 
carpus.* 

It is interesting to note the reduction which has taken place in the feet 
of Ungulates in the course of time. In Fig. 95 sketches of the stages in the 
phylogenetic development of the fore-foot of the Horse are given, showing 
how it has been gradually derived from a tetra- or pentadactyle ancestor. 
While in this case the third digit becomes greatly enlarged relatively (per- 
issodactyle form), and eventually is the only one remaining, in cloven-footed 
Ungulates the third and fourth digits are both functional, and equally strongly 
developed (artiodactyle form), and may be united together to form a 



^ In Marsupials only does the intermedium remeiin as an independent bone. In 
the human embryo it exists as an independent cartilage, but later almost always 
becomes fused with the tibiale. 

^ According to Baur, the cuboid and unciform arise each as a single mass, 
their double condition being secondary. 

' Baur states that a double centrale is never present in any Mammalian 
embrj'o. ' 
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"cannon-bone," while the others are graduallf reduced. A rimilftr reduction 
takes place in the hind-foot, and is here as a rule more rapid. 

Ab far back as the Eocene period Ungulates were separated into Perieao- 
and Artiodactf les ; a long Beries of ancestors is hereby indicated. 




O 
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(Uppennost rUocsne). 



OBOHIPPT'A 

i). *. Pboto- 
8. Equdb. 




The tibia is the most important bone of the shank, just as the 
radius is of the fore-arm, and the thigh is usually shorter than the 
shank. A sesamoid bone developed in the distal tendons of the 
great extensor muscles of the shank is known as the knee-cap or 
patella. This is already present in Lizards and Birds. 



LIMBS. Ill 

The number of phalanges is similar in botli hand and foot : in 
the first digit there are only two, while in the others there are 
three. An exception to this rule is seen in Cetacea, in which the 
phalanges are numerous. 
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C. MUSCULAR SYSTEM. 

The muscles, commonly spoken of as flesb, may be divided 
into two groups, according to their histological character, namely, 
into those with smooth, and those with transversely-striated fibres. 
The former are phylogenetically the older, and are to be looked 
upon as the precursors of the latter. 

The smooth involuntary muscle-fibres preponderate in the 
viscera, derma, and vessels, and are not under the control of the 
will ; the striated or voluntary muscles occur principally in the 
body-walls and organs of locomotion, and are almost without 
exception under the control of the will. The following general 
statements refer exclusively to the latter kind of muscles. 

In its simplest form, an origin, a belly, and an insertion, 
may be distinguished in each muscle. The muscles of the trunk 
are as a rule flat, while those of the extremities have usually an 
elongated, cylindrical, or prismatic form. In some cases however, 
they assume the most various shapes ; for instance, there may be 
more than one origin (bicipital, tricipital, or quadricipital forms), 
the belly may be double (biventral or digastric form), or the muscle 
may be saw-shaped, or have its fibres arranged in a single or double 
series like a feather. 

All the muscles are surrounded by fibrous sheaths, or fasciae, 
by means of which they are more or less firmly connected with 
one another (intermuscular septa) and with the integument and 
skeleton. 

A muscle may undergo very considerable modification both in form 
and position by a change of origin and insertion, by division (intermediate 
tendons dividing it into two or more parts), or by splitting into layers, and it 
may thus give rise to one or more new mdependent muscles. If the action of a 
muscle becomes unnecessary, it either disappears partly or entirely, or what 
remains of it contributes to the strengthening of a neighbouring muscle. 

In the embryo, the individual groups of muscles {e,g, the flexor sublimLs 
and profundus, and the masticatory muscles) are not at first separate from one 
another, but consist of a uniform (mesoblastic) blastema, the splitting of which 
takes place later by the ingrowth of fibrous septa. In this manner the indi- 
vidual muscles are differentiated^ and they gradually become more distinct by 
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use, that is, in post-embryonic time. Certain muscles may disappear in the 
course of development, and changes of position may also take place. 

Wherever a marked friction occurs, ossifications (sesamoias) may become 
developed in the course of a muscle or tendon. The muscle thus gains an 
extra point of attachment, and a single-jointed lever is converted into a 
double-jointed one. 

The higher one passes in the animal scale, the more numerous 
do the ditferentiations of the muscular system become, and the 
more varied its relations to the skeleton. One portion, the dermal 
musculature^ which is sometimes not largely developed, always 
shows an independence as regards the rest of the muscular sys- 
tem, though this independence is as a rule acquired secondarily. 
Developed to a very slight extent in Fishes and Amphibia, the 
dermal musculature is of great importance in Reptiles and Birds on 
account of its relations to the scutes, scales, and feathers. It reaches 
its greatest development amongst Mammals, where it may extend 
over the back, head, neck, and flanks (Echidna, Dasypus, Pinni- 
pedia, Erinaceus, &c.). In Man, only a slight rudiment is found of 
it in the shape of the platysma myoides, which extends over 
the neck and part of the breast and face. 



MUSCULATURE OF THE SKELETON. 

MUSCLES OF THE TRUNK. 

Under this head are included all the muscles of the body 
which remain after the removal of those connected with the limbs. 
They arise from the muscle-plates of the embryo, — that is, from the 
outer parts of the mesoblastic somites,^ and, particularly in higher 
types, may be separated into various groups, viz., a cranial and 
visceral, a dorsal and ventral. 

Fishes and Amphibia. — In Fishes and the lower Amphibia 
the dorsal and ventral groups of muscles form a uniform mass, 
which is spoken of as the lateral body-muscle (M. lateralis). 
On each side of the body this consists of two portions, a dorsal 
and a ventral, which meet together laterally, as well as in the 
mid-dorsal and ventral lines (Fig. 97, jD, F), and which are made up 
of a great number of metamerically arranged portions (myotomes 
or myocommata), separated from one another by connective- 
tissue septa (Fig. 97, if, M). Along the latter, ribs may be 
developed, and thus a much greater degree of firmness is attained. 

This metameric arrangement of the musculature of the trunk, 
whicli has such an important relation to the spinal nerves as well 

^ The development of the sub- vertebral, cutaneous, and diapliragmatic musdea, 
requires further investigation. 

I 
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as to the segmentation of the axial skeleton, t'orins a charactor- 
istic feature in Vertebrates, and distiact indications of it may be 
traced in all representatives of the group up to Man. 




— Latrkal Muscles o 



Fio. 98. — Tub Entire Musculatuhb op Siredon piscifonau. 
LI, lateral Una ; J), doisal, and .V, ventml poitiou of caudal mascles ; RM, dorsitl 
portion of lateral muscles of tbe trunk ; 0, 0, outernioat layer of the cxternnl 
oblique moacle, arising fjom the lateral line, and extendiug tnthe fascia, ^ ; nt * 
a piece of this layer is removed, exposing the aeoond layer ot the muscle {Ob) ; 
at Se the obtiqae fibres of tho latter pass into longitudinal Hbres, indicating the 
beginning of Ulo dilferentiation of a rectus abdominis ; at Bs' the rectne-systeni 
is seeu passinK to the viaceml skeleton ; Mc, fibrous partitions between the myo- 
tomen of the dorsal portion of the lateral muscles ; T, temporal ; Ma, maasoter ; 
Dg, digastric ; Mhf, mylohyoid (posterior jiortion) ; Ge, eitemal ceratohyoiil 
muscle ; XT', levator nrcunm branchialinni ; fl^t, levator branchiarum ; Cpfl, 
cervical origin of tho constrictor of the pharynx ; Th, thymus gland ; Lt, 
latissimus dorsi ; Da, dorsalis scapnlie ; Cu, caciillaris ; SS, anprascapnla ; Pk, 
procoraco -humeralis. 

The cranio-visceral musculature is to be looked upon as having 
been derived out of the lateral muscles in consequence of the 
development of the visceral skeleton. 

It may he asserted as a general rule that the dorsiil portion of 
the lateral muscles of the trunk, — except in the caudal region. 
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■where the uniform character persists both dorsally and ventrally, 
—retains throughout more primitive relations than doea the ventral, 



Fio, 9S. — The Musculatuue of Sircdon pkdformU. (From the ventral s-de.) 
0, oiitcmiaat lajer of the exteraol obUque.pBssing into the faacia, which is shown cut 
through at Ji"; Ob, lecond layer of the Bauie nioscle ; Re, rectus abdominis, 
p»3»in(! into the visceral mnBouIature (sternohyoid) at Jie', and into the pecfox- 
olis mi^or at P ; Mk, Mb}, atiterior und posterior portions of the mylohyoid, 
which is cut through in theniiildle line, and removed on the left side, eo as to shov 
the proper viscer^ musculature ; Ue, Gi, Ci', aitemal and internal ceratohyoid : 
the former is inserted on to the hjoid(ff^) ; Add, adductor ateuum branohialimn : 
C, constrictor arcnam branchialinm ; Cph, portion of the constrictor of the 
pliaryni; arising from the poateiior branchial arch ; Dp, dcpresaares branchinrum ; 
Oh, genio-hyoid ; Ph, protoraco-hunieralis ; Spe, aupracoraeoidens ; Cbb, corseo- 
brachialis brevis ; Clo, cloaca ; Za, linea alba. 

the latter becoming greatly modified in order to form the walls of 
the body-cavity. 
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Thus, even in many Fishes, dififerentiations occur on the ventral 
side which bring about the formation of straight and oblique 
abdominal muscles (rectus et obliqui abdominis). 

This dilFerentiation is carried further in certain Dipnoi, and 
is still more marked in tailed Amphibians. In the latter the 
ventral muscles of the trunk become split into four layers, and in 
the higher types, — such as the sexually-mature Salamander and 
Triton, — a rectus abdominis lying right and left of the median 
line is plainly dififerentiated (Fig. 99, Be, Me). 

The outermost layer of the lateral muscles of the abdomen 
does not appear to be retained in the higher types ; the other three 
layers however remain, and are distinguished from without in- 
wards, according to the direction of their fibres, as external and 
internal oblique, and transversalis (Figs.. 98, 99, 0, Ob), 

The external and mtemal obliques extend from the visceral skeleton, 
that is, from the floor of the mouth, to the pelvic arch, the former even 
heing directly continuous with the musculature of the tail (Fig. 98) ; the 
transversalis ceases in the region of the heart, and stands in the closest 
relation with the fascia transversalis and the peritoneum, on the outer side of 
which it lies. A similar arrangement is seen in all Vertebrates from the 
Urodeles onwards. 

The muscular system of the trunk of Anura shows a negative condition 
as compared with that of Urodeles as above described : the lateral muscles of 
the abdomen consist of two layers only, and their metameric arrangement seen 
in the larva becomes later more and more obliterated. The rectus abdominis 
is always well differentiated, and possesses a varying number of myocommata. 

Reptiles. — In Beptiles, the lateral muscles of the trunk attain 
a much higher grade of development. This is to be accounted 
for by the more perfect form of the skeleton, more especially of 
the ribs and pectoral arch. The ribs and intercostal muscles now 
play an important part in respiration, and changes, necessitated by 
the more important development of the lungs, are thus brought 
about. 

The distinction between thoracic and abdominal regions becomes 
gradually more plainly marked, and distinct external and inter- 
nal intercostal muscles are now differentiated. In the lumbar 
region the ribs become gradually withdrawn from the muscles lying 
between them ; the muscles thus lose their intercostal charac- 
ter, and form connected sheets, extending between the last pair 
of ribs and the pelvic arch (e.g. the quadratus lumborum, 
which lies close against the vertebral column, and the obliqui). 

The rectus abdominis, which is always well developed, be- 
comes divided into three portions, — a ventral, an internal (a 
subdivision of the latter), and a lateral. 

While no important differentiation is noticeable in the dorsal 
portion of the lateral body-muscles in Urodeles, a great sub- 
division of these muscles is seen in Reptiles. In them may be 
distinguished a longissimus, an ileocostalis, interspinales, 
semispinales, multifidi, splenii, and levatores costarum, 
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together with the scaleni, which belong to the last-mentioned 
group. 

The muscles of the main part of the tail retain primitive rela- 
tions similar to those seen in Fishes : at the root of the tail, 
however, new muscles become diflferentiated. 

Birds. — In Birds the primitive character of the trunk-muscles 
has disappeared far more than in Reptiles. 

This is mainly to be accounted for by the excessive develop- 
ment of the muscles of the anterior extremity, — the pectoralis 
major more particularly, — and the corresponding backward 
extension of the breast-bone. 

External and internal oblique muscles are present, but only 
slightly developed : this is more particularly true of the inter- 
nal, which appears to be undergoing degeneration. No trace of 
a trans versalis can be distinguished", but on the other hand, a 
paired, unsegmented rectus is present. 

External and internal intercostals are well developed, and a 
triangularis sterni appears for the first time on the inner surface 
of the sternal ends of the ribs. 

The dorsal portion of the trunk musculature is only slightly 
developed in the region of the body, though very strongly marked 
in the neck. 

All these modifications in Birds seem to be accounted for by 
the great specialisation of the mechanisms for flight and respira- 
tion, to assist which the greatest possible number of muscles are 
brought into play, and which tbus greatly influence the whole 
organism : an essential difference is thus brought about between 
Binls and Reptiles. 

Mammals. — Three lateral abdominal muscles are present in 
Mammals, an external and internal oblique and a trans- 
versalis. Except in a single instance (Tupaia), they are entirely 
unsegmented, and consist of broad uniform plates of muscle. To- 
wards the middle line, they pass into strong aponeuroses, which en- 
sheath the rectus abdominis. The latter consists of a single band 
on each side, and possesses a varying number of myocommata ; it 
is no longer connected with the axial muscles of the neck belong- 
ing to the same system (sternohyoid, sternothyroid, &c.), as is the 
case in Urodeles, for the sternum is always interposed between 
them, as it is in Sauropsida. 

In Monotreraes and Marsupials, a strong pyramidalis mus- 
cle lies on the ventral side of the rectus abdomnis. It arises from 
the inner border of the " marsupial bones " (epipubes), stands in 
important relation to the pouch (marsupium), and may extend 
forwards as far as the sternum. In the higher Mammals, where 
the epipubes are absent, the pyramidalis becomes greatly reduced 
or entirely lost. Traces of it are, however,, commonly to be met 
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with as far as the Primates, always arising from the anterior border 
of the pubis, right and left of the middle line. 

The external and internal oblique muscles are to be met with 
in the thoracic region in Mammals, as in Sauropsida, in the form 
of external and internal intercostals. 

What has been said above as to the differentiation of the 
dorsal portion of the trunk-muscles in Reptiles, applies also in 
its essentials for Mammals. 



MUSCLES OF THE VISCERAL SKELETON AND HEAD. 

The common origin of the muscles of the visceral skeleton and 
the ventral trunk musculature may be much more easily proved than 
that of the cranial muscles with the latter system. The muscles 
of the head may be divided into two sections, viz. facial muscles 
and muscles of the jaws. 

Fishes. — Leaving out of consideration the Cyclostomes, which 
show a remarkable transformation of the cranio-visceral muscula- 
ture in correspondence with their peculiar cranial skeleton (sucto- 
rial apparatus) and branchial basket, these muscles in Elasmo- 
branchs may all be regarded from the same standpoint. They 
may be divided into the following four groups or systems : — 

1. Superficial circular muscles. 

2. Upper adductors of the arches. 

3. Middle flexors of the arches. 

4. Ventral lono^itudinal muscles. 

The latter group occupies a more independent position than 
the other three, which are more closely connected together. 

The superficial circular muscle, receiving its nerve-supply from 
the vagus, glossopharyngeal, facial, and trigeminal (third division) 
acts essentially as a constrictor; it narrows the entire oral and 
pharyngeal cavities, closes the gill-clefts, and elevates the whole 
visceral skeleton, together with the floor of the mouth and 
pharynx. 

The main mass of the upper and middle flexors is supplied by 
the vagus and glossopharyngeal, and their muscles act essentially 
as adductors of the branchial arches, bringing them nearer 
to one another. 

The ventral longitudinal muscles, supplied by the first 
and second spinal nerves, are to be looked upon as a direct con- 
tinuation of the ventral portion of the trunk-muscles, that is, 
of the rectus-system, which is to a certain extent undifferentiated 
in Fishes. Like the rectus, these muscles possess tendinous inter- 
sections, and they extend from the anterior border of the pectoral 
arch forwards to the lower jaw, or only to the hyoid arch (coraco- 
mandibular and coraco-hyoid muscles). 
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The structure of the cranio-visceral musculature of Teleostei 
diflfers considerably from that roughly sketched out above, so that 
the diflferent groups of muscles must be arranged in an entirely 
different manner. Thus the following divisions may be .distin- 
guished : — (1) Muscles of the jaws ; (2) muscles of the dorsal, 
and (3) muscles of the ventral ends of the visceral arches. 

Each of these groups may again be subdivided, but further 
details about their arrangement, which is often very complicated, 
cannot be given here. 

Amphibia. — It is to be expected, a 'priori, that the muscula- 
ture of the visceral skeleton should be more highly developed in 
gill-breathing th an i n lung-breathing Amphibians; we thus find 
that in the former, more~primitive relations are met with, connecting 
them with lower forms, while in the latter a greater modification, 
or rather reduction, of these muscles takes place. 

Between the two rami of the lower jaw there lies a muscle 
with transverse fibres (the mylohyoid), supplied by the third 
division of the trigeminal and the facial ; this represents the last 
remnants of the constrictor muscle of Fishes. As the elevator of 
the floor of the mouth, it stands in important relation to respira- 
tion and deglutition, and is retained throughout the rest of the 
Vertebrata up to Man (Fig. 98, 99, Mh, MJO). 

A continuation of the trunk-musculature (the omo-, stemo-, and 
genio-hyoid) provided with tendinous intersections, lies above the 
mylohyoid (Fig. 99, B^, GK). These muscles, which serve to pull 
the visceral skeleton forwards and backwards, are supplied by the 
first and second spinal nerves. 

In contrast to Fishes, there is in Amphibia a definite differen- 
tiation into muscles of the tongue, that is, into a hyoglossus 
and a genioglossus, but these also must be considered as having 
been derived from the anterior end of the ventral muscles of the 
trunk; they are present in all Vertebrates, from the Amphibia 
onwards, and are supplied by the hypoglossal (the first spinal nerve 
of Amphibians). 

In the Perennibranchiata and in Salamander larvsB the muscles 
of the hyoid and of the visceral arches may, by analogy 
with Fishes, be divided into a ventral and a dorsal group : the 
latter disappears in adult Salamanders and Anura, only the ventral 
persisting. Their function is to raise and depress the branchial 
arches, as well as to draw them forwards and backwards. To these 
may be added constrictors of the pharynx as well as (in gill- 
breathing animals) levators, depressors, and adductors of the 
external gill filaments (Figs. 98 and 99). They are innervated 
by the vagus and glossopharyngeal. 

The jaw-muscles may be divided into a depressor (digastric, 
or biventer mandibulae. Fig. 98, Dg), supplied by the facial, and 
into elevators of the lower jaw (masseter, temporal, and pterygoid 
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muscles, Fig. 98, Ma, T), supplied by the third division of the 
trigeminal. All these muscles, which may be derived from the 
adductor of the mandible of Elasmobranchs and Ganoids, arise 
from the auditory region of the skull. 

Amniota. — With the simplification of the visceral skeleton in 
Amniota, there is a considerable reduction of the musculature 
belonging to it. All muscles connected with branchial respiration 
are of course wanting, and the ventral trunk-muscles, as men- 
tioned above, are always interrupted in their forward extension 
by the sternum and pectoral arch. At the same time, the 
muscles along the neck and on the floor of the mouth met with in 
Amphibia are present here also ; they are the mylo-, sterno-, 
omo-, and genio-hyoid, as well as the hyoglossus and genio- 
glossus. To these may be also added a sterno-thyroid, and a 
thyro-hyoid, continued forwards as a prolongation of the former. 

The stylo-hyoid, stylo-glossus, and stylo-pharyngeus of Mammals, 
arising from the styloid process and stylo-hyoid ligament, and undergoing 
numerous variations, are neoraorphs. They are supplied partly by the facial, 
partly by the glossopharyngeal, and act as retractors of the tongue and 
levators of the pnarynx and hyoid. 

The muscles of the jaws resemble those of Amphibia, 
although, especially in the case of the pterygoids, they are much 
more sharply difiFerentiated, and are throughout more strongly 
developed. (A secondary subdivision of the muscles may occur 
in Birds and Reptiles, as for instance in the case of the temporal 
muscle.) 

The facial muscles, forming a marked feature for the first time 
in Mammals, arise originally in the neighbourhood of the eyes, 
mouth, nose, and ears, around which they are principally grouped 
throughout life ; they are thus connected with the most important 
organs of sense. They are supplied by the facial nerve, and attain 
their greatest development in Primates. 

Following in the lines laid down by (xegenbaur in his Lehrbuch der 
AnaiomU des Menschen on the origin of the facial muscles, G. Ruge has made 
detailed researches on the facial musculature of Lemurs, from which he arrives 
at the following results. 

The fact that all the muscles supplied by the facial nerve belong to 
the same series indicates that those related to the visceral skeleton, and 
having originally nothing to do with the face, which are supplied by the same 
nerve, must have shifted upwards from the region of the lower jaw and neck, 
so as to come into close relation with the soft "parts surrounding the apertures 
of the ear and mouth, that is, to the secondarily-formed lips and external 
ear. From these points they extended further, taking on new relations to the 
eye, nasal aperture, and frontal and temporal regions. The muscu- 
lature further extended to the parietal region, the parts of it in front of the 
aperture of the ear arising from the frontal and temporal regions, those behind 
it from the occipital region. The upward change of position of the musculature 
thus took place along two lines, — in front of, and behind the ear, as is 
proved by its innervation, to be described directly. 
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Into all these regions the facial nerve extended, forming divergent branches 
and plexuses : a posterior (occipital) and four anterior (temporal, maxil- 
lary, mandibular, and a branch to the posterior belly of the biventer muscle) 
main branches may be distinguished. 

The complexity of the branching of the facial nerve is thus proportionate 
to that of the facial muscles, and is most marked in Primates, m which the 
musculature gradually takes on new origins corresponding to the more and 
more highly differentiated cranial skeleton. 

The platysma myoides thus forms the matrix for the facial 
muscles, and it represents the remnant of a musculature continued 
forwards to the head, which has retained {e.g. in Man) an undiflferentiated 
form in the neck (Gegenbaur). 

Besides the formation of new independent muscles, modifications of certain 
of the facial muscles also took place, which resulted in their more or less 
complete degeneration. Thus they have become replaced by tendinous 
aponeurotic regions (viz. the fascia temporalis, parotideo-masseterica, and the 
galea aponeurotica of Man), or even entirely obliterated. 

Besides the platysma myoides there is a second deeper dermal system of 
muscles of the neck, the sphincter colli. This, like the platysma, also takes 
on secondary relations to the head, and gives origin to the levator labii superi- 
oris proprius, levator anguli oris, sphincter oris, depressor tarsi, buccinatorius, 
and the proper muscles of the nose. The facial muscles not mentioned here 
arise from the system of the platysma. 



MUSCLES OF THE APPENDAGES. 

The following important factors must be taken into consi- 
deration with regard to the muscles of the appendages: (1) the 
homologies of the parts of the skeleton ; (2) the relative positions 
of the neighbouring soft parts ; and (3) the nerve-supply. 

The most primitive condition of the muscles of the extremities 
is met with in Dipnoi, more particularly in Ceratodus. In this 
case, the musculature of each surface of the fin forms a uniform 
mass, there being hardly any indication of a separation into definite 
layers and groups. Everj^hing goes to prove that all the muscles 
of the appendages are to be looked upon as derivatives 
of the lateral muscles of the trunk. 

Two principal groups of appendicular muscles may always 
be distinguished; one lying in the region of the pectoral and 
pelvic arches, the other in the free extremity. 

In the fins of Fishes, very simple conditions of the muscles 
aie met with ; in Amphibia, on the other hand, in correspondence 
with the more highly-differentiated organs of locomotion, con- 
siderable complication is seen, and there is a much more marked 
separation into individual muscles, corresponding with the diffierent 
sections of the extremity. In Fishes, only simple elevators, 
depressors, and adductors, for moving the extremity as a 
whole, are present, while from Amphibia onwards there are added 
rotators, flexors, extensors, and adductors of the upper arm 
and thigh, of the fore-arm and shank, and of the hand and foot. 
The digits are also moved by a highly-differentiated musculature. 
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In cases where, as in Primates, the anterior extremity is con- 
verted into a prehensile organ, new groups of muscles appear, 
known as pronators and supinators. The former are derived 
from flexors, the latter from extensors. 

On account of the relatively small amount of movement of 
the pelvic arch as compared with the pectoral arch, one would 
naturally not expect similar groups of muscles connected with 
these two regions : entirely different relations are here frequently 
to be met with. , 



DIAPHRAGM. 

The first traces of a muscular partition- wall between the 
thoracic and abdominal cavities are to be met with in Urodeles. 
In them we find circular and semicircular fibres of the trans versalis 
muscle passing inwards between the pericardium and the liver. In 
Chelonians, and more particularly in Crocodiles and Birds, where 
the muscular fibres concerned in the formation of the partition 
arise from the ribs,^ the indications of a diaphragm are much 
plainer, but there is not a complete separation into thoracic and 
abdominal cavities. A complete dome-shaped diaphragm, arising 
from the vertebral column, ribs, and sternum, appears first in \ 
Mammals, and is of great importance in respiration, as it allows 
of a lengthening of the thoracic cavity in a longitudinal direc- 
tion. It is supplied by the phrenic nerve, which arises from one 
(4th to 6th) of the cervical nerves, and usually consists of two a ^ 
parts, a pericardial and a pleural, arising independently of one 
another. The former is fibrous, and forms the central tendon, 
while the latter is muscular. In some cases (e,g. Echidna, Pho- 
csena) the diaphragm is entirely muscular. The Mammalian dia- 
phragm is probably not the homologue of the so-called diaphragm 
( of other Vertebrates. 
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S. EI^CTRIC ORGANS. | 

Electric organs are present in certain Fialies, aiid are most 
strongly developed in a Ray (Torpedo marmorata), found in the 
soutliern seas, ina South American Eel {Gymuotus electricus) i 
and in an African Siluroid (Malapterurus electricus). ' 
Oymnotus, the electric Eel, possesses by far the strongest electric , 



Fia lOO. — Tprpedumarmorala.-wn-K ihe Electric Ourak (Ji) 
S, akuU ; Sp, apiraele ; KIT, gills; Ati, eye. 

power, next to it comes Malapterurus, and then Torpedo. The 
electric batteries of these three Fishes are situated in different 
parts of the body ; in Torpedo they have the form of a broad I 
mass, extending throughout the substance of that part of the 
t>ody lying betweeu the gill-sacs and the propterygium on each 
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side of the Lead (Fig. 100, £) ; m Gymnotus they lie in the 
veotral portions of the enormously long tail (Fig. 101, A') that is, 
in the position usually occupied by the ventral portions of the 
great lateral muscles; and finally, in Malapterurus, the electric 
organ extends hetween the skin and muscles round almost the 
entire circumference of the body, thus enclosing the Fish like a 
mantle : it is especially strongly developed along the sides. 




ff, skin ; Fl, &a ; DM, DJf ', donal portions of the (jreat lBt«ral muflclee, seen partly 
in tranaverM Beotton, partly in lonpitudinil ; VM, I'M', ventral portions of 
ditto ; E, the electric organ, seen in tranavereo section at E (B), and from the 
side at E' ; WS, vertebral column, from the side, showing the spinal nerves, 
and WS\ in transvei'se section ; iff, posterior end of body-cavity ; Sep, 
median lonritniiinal fibrous septum, which divides the electric organ and the 
lateral trnnk-musclea into two equal hnlves ; A, anus. 



The electric power of those Fishes which were formerly known 
aa " pseudo-electric " has now been fully demonstrated, though it 
is much feebler than in the forms described above. To this category 
belong all the Rays, with the exception of Torpedo, the various 
species of Mormyrus, and Gymnarchus (both belonging to the 
Teleostei). In all these, the electric organs lie on either side 
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of the end of the tail, and have a metanieric aiTaugenient like 
that of the caudal muscles ; in the Mormyridse, for example, there 
is on each side aa upper and an under row of electric organs. 

The electric apparatus in all the above-named Fishes is to be 
regarded from the same point of view both as concerna its mode 
of development and anatomical relations: all electric organs are 
to be looked upon as metamorphosed muscular tracts, 
and the nerve-endings belonging to them as homologues 
of the motor end-plates which are ordinarily found on 
muscles. 

As regards the minute structure of the electric organs, the same 
essential arrangements are met with in all. The framework is 
formed of fibrous tissue, which, running partly longitudinally, 
partly transversely through the organ, gives rise to numerous 
polygonal or more or less rounded chambers or compartments. 
These latter are arranged in rows, either along the longitudinal 
axis of the body (Gymnotus, Malapterurus) or in a dorso-ventral 
direction (Torpedo), forming definite prismatic columns (Fig. 102). 



FiQ. 102.— £ii£CTRIc Prisias of Torpedo tiwnaorala. (Semidingniniiniitic. ) 

Numerous vessels and nerves ramify in the connective -tissuo 
lying between these compartments, the nerves being enclosed in 
very thick sheaths, and having a great variety of origin accord- 
ing to the species of Fish under consideration. In Torpedo, they 
arise from the "electric lobe" of the medulla oblongata, a 
single branch coming also from the trigeminal; in all pseudo- 
electric Fishes, as well as in Gymnotus, in which over two hundred 
nerves pass to the electric organ, they arise from the spinal cord, 
and most probably are in the closest relation with the ventral 
comua of the latter, which are particularly well developed in 
the last-named Fish. It is very remarkable that the electric 
nerves of Malapterurus arise on each side from a single enormous 
nerve-cell, which, lying in the neighbourhood of the second 
spinal nerve, is continued into a very large primitive-fibre, which 

tiasses towards the end of the tail, dividing as it goes. The 
atter is invested by a thick sheath. 

On continuing our examination into the more minute his- 
tological structure of the peripheral nerve-endings, it becomes 
necessary to give a definition of those structures which are usually 



127 

called "electric-'' or "end-plates." These can be summarily 
described, as tbey are essentially the same in all electric Fishes. 

After the nerve, running in the septum between the compart- 
ments, has by degrees lost its thick sheath and thus has almost 
ceased to show a double contour, it suddenly gives rise to a club- 
shaped swelling, and then divides up into a number of primitive 
fibres, which branch out in a tree-lilce manner, without, however, 
giving rise to definite meshes, so that we cannot speak of a proper 
nervous network. In Torpedo the nerve spreads out on the ventral 
side of the structure known as an electric plate (Fig. 103, JllP), 
while in Gymnotus it passes to the posterior surface, that is to the 
one turned towards the tail. Finally in Malapterurus, the nerve, 
as in Gynmotus, passes on to the posteiior surface of the electric 
piate ; it does not stop here, however, but perforates the plate, so 



103 —Section 



BG, framework of connective- tissue, forniinK walls of compartmenta ; EP, electric 
plates ; N, nervfs entering into the septn between the compaiimentB ; A'JV, 
terminal fibres of the nerve, passing to the posterior (Gymnotna)or under (Torpedo) 
anrface of each compartment ; Q, gelatinous tissue ; the airoiv points towards 
the head (Gymnotos), or towards the dorsal side of the noimal (Torpedo). 

as to spread out on the anterior surface, turned towards the head.' 
This difference must be borne in mind on account of the direction 
taken by the electric cuiTcnt, to be described later on. 

Each electric plate consists of a homogeneous disk, transparent 
in the fresh condition, and surrounded by a special membrane, 
within which star-like cells with long processes are present. Both 
surfaces of the plate exhibit irregular protuberances, separated 
from one another hy shallower or deeper notches, and giving the 
whole an irregular appearance. 
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As this disk, which, as already mentioned, is to be looked upon as 
metamorphosed muscle-substance, becomes inseparably fused with 
the nerve- plate lying close to it, it follows that the electric plate is 
not a unitbrm structure, as was formerly believed, but is to be 
regarded as having arisen out ot two tissue-elements. The com- 
partments are not entirely filled by the electric plates ; a space 
filled by gelatinous tissue (Fig. 103, G), or sometimes only 
by a fluid, always remains in the upper (Torpedo) or anterior 
(Gymnotus, Malapterurus) side of each compartment along 
the wall separating it from the next. The side of the electric 
plate on which the nerve branches out is negative at the 
moment of discharge, while the opposite side is positive, and thus 
the different arrangements of the parts in Gymnotus and 
Malapterurus render it clear that the electric shock must pass 
in different directions in these Fishes : thus in Malapterurus it 
passes from the hea<l to the tail, but in the contrary direction in 
Gymnotus. In Torpedo the discharge passes from below upwards. 

Experiments have shown that all electric Fishes are proof 
against the electric current, with the limitation that muscles 
and nerves — even the electric nerves themselves — separated 
out from the body, are capable of being excited by the current. 
" The last and most important question with regard to the electric 
Fishes is naturally concerning the mechanism whereby the electric 
plates become temporarily charged with electricity. The reply to 
this question, although probably not so difficult a one as that 
relating to the mechanism of muscular contraction, is still far from 
being answered " (Du Bois-Reymond). The only thing that can 
be stated with certainty is, that the electromotive force is under 
the influence of the will. 
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E. NERVOUS SYSTEM. 

The following elements, which are all derived from the epiblast, 
may be distinguished in nervous tissues: — '(1) Ganglion cells, 
provided with processes, and supported by a connective-tissue 
framework, the neuroglia; and (2) Fibres, entering into or aris- 
ing from the former, and serving as conductors of sensory or ^ 
motor impulses. Each fibre maybe invested by a delicate cover- 
ing or sheath, the neurilemma (primitive sheath, or sheath of 
Schwann). 

The nervous system may be divided into three main parts, the 
central (briain and spinal cord), peripheral, and sympathetic 
systems. The central part is the first to arise, and is formed as 
a direct product of the epiblast; the other two become established 
later. 



I. THE CENTEAL NERVOUS SYSTEM. 

1. The Spinal Cord. 

The first indication of the central nervous system is a furrow 
(medullary groove) which appears on the dorsal side of the 
embryo, and which gradually becomes converted into a tube by the 
meeting of its edges : this tube then becomes separated from the 
epiblast and gives rise to the hollow medullary cord (cp. p. 7), 
the walls of which are at first comparatively thin ; it consists of 
a more expanded anterior, and a longer and more slender posterior 
section. From the former arises the brain, from the latter the 
spinal cord. 

In an early stage of development the lumen of the medullary 
cord is as a rule continuous posteriorly with that of the primitive 
intestine (neurenteric canal). This connection, however, soon dis- 
appears, and the spinal cord then consists of a cylindrical or more 
or less flattened hollow cord, by no means filling the neural canal : 
its walls become gradually more and more thickened, until finally 
only a very narrow lumen, the central canal, remains; this is 
lined by ciliated epithelium. 

K 
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Fid. 104,— The Entire Nekvous SssrEW or the Fiioc. (After A, Eubtt.) 
(From the ventral side.) 
He, cerebral hemispheres (i)ro3<!iieephalou) ; Lop, optic lobes (meseupephalon) ; M, 
spinal coi-d : Ml to MiO, spinul nerves, which are connected at i:iM by bmuchca 
(rani cominunlcantes) with the ganelia {SI to SIO) of the Bympathetic {S) ; Ko, 
femorahnerve ; A'i, sciatic nerve ; /to X, first to tenth cranial OFrvce (for their 
names, see text) ; O, ganglia of the vagus j Vg, Gasaeiian ganglion ; o, eye ; N, 
nasal sac ; Fa to Ve, the ditferent branches of the trigemluai ; F, facial nerve ; 
V), connectiou of the sympathetic with the Gaaserian ganglion ; XI to X4, the 
different branches of the vagus. Some of tlie fibres of the sympathetic should 
be shown accompanying tlie vagus peripherally. 
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The cord is at first of a uniform diameter throughout, but 
later, in cases where the extremities are well developed and a 
richer nerve-supply becomes needed, it exhibits in these regions 
definite swellings — the brachial and lumbo-sacral enlarge- 
ments. The spinal cord originally extends along the whole length 
of the neural canal, but its growth is usually less rapid than that 
of the vertebral axis, so that it comes eventually to be considerably 
shorter than the latter. In such cases (Primates, Cheiroptera, 
Insectivora, Aves, Anura, &c.) it passes at its posterior end into a 
brush-like mass of nerves, the so-called cauda equina; these lie 
mostly within the neural canal, and the nerves of the sacral plexus 
are given off from them. An axial prolongation of the spinal 
cord nevertheless extends far back, but is reduced to a thin 
thread-like appendage, the filum terminale. 

The bilaterally-symmetrical form of the spinal cord is pronounced 
by the presence of longitudinal fissures running along it dorsally 
and ventrally ; and if one imagines the points of exit of the dorsal 
(sensory) and ventral (motor) nerve-roots to be respectively con- 
nected together by a longitudinal line, each half of the spinal cord 
would thus be divided into three columns, — a ventral, lateral, and 
dorsal (anterior, lateral, and posterior columns of human 
anatomy). 

The external form of the spinal cord in certain Fishes (Orthagonscus, 
Trigla), and in embryos of Salamandra atra, as well as its histological struc- 
ture in the higher Vertebrata, seems to indicate that the unsegmented spinal 
cord of Vertebrates was primitively segmented and paired, and that it has 
passed in its phylogenesis through a stage which was closely related to the 
abdominal chain of ganglia of many Invertebrates {e.g. Annelids). A definite 
segmentation of the mid-brain, cerebellum, and medulla oblongata is also seen 
in the embryos of all the chief Vertebrate types (Kupffer). 

As regards its minute structure, two parts can always be dis- 
tinguished in the spinal cord, — a white substance, consisting of 
ineduUated nerve-fibres, and a gray substance, composed 
principally of multipolar nerve -cells and non-medullated fibres. 
Their relative positions to one another vary greatly in the different 
animal groups, as well as in the different regions of the cord ; the 
white substance, however, has usually a more peripheral, the gray 
a more central position. 

The membranes of the spinal cord will be treated of later. 



2. The Brain. 

At a very early stage three swellings may be seen on the anterior 
enlarged part of 'the medullary tube, which are spoken of as the 
primary anterior, middle, and posterior cerebral-vesicles 
(fore-, mid-, and hind-brain). (Fig. 105, /, //, III.) 

The cavities of the vesicles, corresponding with the ventricles 
of the fully-formed brain, are in direct connection witli the central 

K 2 



132 COMPARATIVE ANATOMY. 

canal of the spinal cord. The primary fore-brain and hiud-brain 
each become differentiated into two parts, and thus five divisions 
of the brain may be distinguished. Counted from before backwards 
'these are Prosencephalon (secondary fore-brain), Thalamen- 
cephalon (primary fore-brain), Mesencephalon (mid-brain), 
Metencephalon (secondary hind-brain), and Myelencephalon 
(primary hind-brain). The prosencephalon is also spoken of later 




Fig. 105. — Diagram of the Embryonic Condition of the Central Nervous 

System. 

G, brain, with its three primary vesicles, 7, II, III ;. iZ, spinal cord. 

as the cerebrum, the mid-brain as the optic lobes, or corpora 
bigemina,^ the metencephalon as the cerebellum, and the 
myelencephalon as the medulla oblongata. 

The olfactory lobes arise from the secondary-fore-brain, which 
becomes divided into two cerebral hemispheres by a longi- 
tudinal fold, the basal portion of the vesicle becoming thickened 
to form a great mass of nerve-centres; this may be distinguished 
from the remaining peripheral part of the vesicle, or pallium , 
as the central portion (Fig 106, Gs). 

Throughout the animal kingdom the prosencephalon plays a 
most important part, for the intellectual condition of the animal 
depends upon the extent of its development. It consequently 
attains the greatest perfection in Mammals, and above all, in 
Man. While in the lower Vertebrates the central portion of the 
fore-brain is provided with only three small commissures, con- 
necting its two halves, in Mammals the two hemispheres become 
fused together along one portion of their inner surfaces, and thus 
give rise to the great commissures spoken of as the corpus 
callosum and the fornix.^ While the outer surface of the 
hemispheres in all Vertebrates below the Mammalia is more or less 
smooth, in the latter fissures (sulci) and convolutions (gyri) 
may be present. These consist of folds of the gray cortical sub- 
stance, which cause a greater or less increase of the superficial 
area. 

The following structures arise from the thalamencephalon: — 
the optic thalami, formed as thickenings of its lateral ^alls; 
the primary optic vesicles, arising as paired basal and lateral 
outgrowths, from which the optic nerves and retina are derived 
later (Fig. 106, Tho, Opt) ; the pineal gland or epiphysis (Z), 
developed as a tube-like outgrowth of the roof ; and finally, the 

^ In Mammals, each optic lobe becomes divided into two parts, and indications of 
a similar division are seen in some Lizards (see Fig. 119, A). 

* Traces of a fornix are seen in certain Reptiles {e.g. Psammosaunis). 
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1 Dfundibulum (/), furmedasa funnel-like extension of the floor, 
together with a part (the posterior lobe) of the pituitary body 
(hypophysis) (H)} Theotherpart{anterior lobe) of the pituitary 
body arises by a gradual pinching off of the epithelium of the primary 
oral involution, anil gives rise kler to a gland-like structure. 

The cerebellum, in the higher types, becomes differentiated into 
two lateral portions (lateral lobes), which may again he sub- 
divided, and a median unpaired portion (superior vermis), which 



Fig. 106.— LoNoiTunixAL Sbci'ion through the Skull and Brain of an 
(loeAL) Vee'ibbkati! Embbyo. (lupurtarter Hailey.) 
Jle, liasU cranii ; Ch, notoehord ; SD, roof of skull; Nff\ nuaal cavity; Kff, 
secondary fore-brdin (prosencepbalon), showing the eoirus striatam (Ce) at the 
base, and the olfactory lobe {Olf) auteriorly ; ZH, thal.imeiicephnhin (|iriinaTy 
fore-bmin), which has giren riae dorsally to the pineal gland (epi|ihy8i8)(:2), 
and ventratly to the infiindibulum (/), to which the pitaitaiy baiy (hypophvais) 
(H) is nttfuJied : anteiior to this is seen the optic nerve (Opt), aiiHing from the 
oiitii^ thaiaiHUB {Tbe); HC, poaterior commiaaure ; MH, iiLid-brain '(niesen- 
cejthalon) ; HH, cerebellum (meteucephalon, secondary hind-braiu) ; X'/f, 
pnm^ hind-brain (myeleneephalon) ; Or, fieattul canal of spinal coi'd. 

connects these two. The other two portions of the brain (mid-brain 
and medulla oblongata) do not become so greatly modified as 
the fore-brain. It is therefore only necessary to mention that the 
medulla oblongata, the roof of which undergoes a retrogressive 
metamoipbosia, gives origin to the greater number of the cranial 
nerves, so that its physiological importance is very great. 

The foUowiug important changes take place in the further 
development of the brain. 

The walls of the cerebral vesicles become more and more 
thickened, so that their cavities, transformed into the ventricles 
of the brain, undergo a gradual constriction. 

' Opiniona are much divided as to the mPaning of the tpiphyate and hypophyaia. 
Some obaervei'a conaidcr the epiphysis to be the homologue of the anterior neuropore 
of embryos of AiDphionos and Tunicala, that is, as the remains of a last connectioo 
of the brain with the epihlnst : thb opinion, however, ia not tenable accordbg to 
unmeroua later researches, all of which agree that it ariaea Becoiidnrily from the 
roof oF the thalamencephalon. Others imagine it to be the last mdiment of a 
sense-organ, and from the ^t that it arises in a similar manner to the optic 
vesicles it has been explained aa an unpaired eye. 

The hypophysis, as it seems to aiise as a paired structure, is thought by 
Dohni to correspond to a pre-ornl gill-cleft : tbia is the latest of the many hypolhcsea 
which have been pnt forward on the subject. 
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A series of unpaired ventricles, lying in the longitudinal axis 
of the brain, as well as paired ventricles can always be distinguished. 
The principal paired cavities lie within the cerebral hemispheres, 
and are known as the lateral ventricles (Ventiiciilus 1 and 2) 
(Fig. 107, SV) ; each of these communicates with the unpaired sys- 
tem by means of an opening, the foramen of Monro (Fig. 107, 
^FM). In Teleostei, certain Amphibia, and Sauropsida, each optic 
jlobe also contains an optic ventricle, communicating with the 
unpaired system of ventricles. The latter consists of a third 
{within tlie thalamencephalon) and a fourth ventricle (in the 
medulla oblongata), as well as of Lhe aqueduct of Sylvius, 



Fig. 107. — Diagram of the Ventricles of the Vektebbate Bbain. 

VH, cerebral hemispheres, cootaining the lflt«cal ventricles (SV) ; Zff, thalsmen- 
cephalon, with tliB third yeutriele (///) ; in Mammals the paired eeptum iuclduni, 
lying anteriorly to the thalamenoenhalon, ennloses the "fifth ventriele '' ; each 
lateral ventriele communicates with the third ventricle hy a small aperture, the 
foramen of Monro (FM) ; MS, mid-brain, which encloses the aqueduct of Sylvius 
(,Jlg), communicating between the third and fourth ventricles ; BJI, cerebellum ; 
2W, medulla oblongata, enclosing the fourth ventricle (IV) ; Cc, central canal 
of tbe spinal cord (B). 

which passes through the mid-brain and connects these two. For 
further details, such as the relations of the different ventricles to 
particular parts of the brain, compare Figs. 106 and 107, A so- 
called fifth ventricle, lying between corpus callosum and fornix, 
is found in Mammals, but morphologically it is quite different 
from the others. 

All five cerebral vesicles lie at first in the same horizontal 
plane, but in the course of development the axis of the vesicles be- 
comes bent downwards, so that at a certain st^e the mesencephalon - 
forms the apparent apex of the brain (Fig. 108, SB). In Mammals, 
the parts of the brain become still further folded on one another, so 
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that a parietal (Fig. 108, Sfi), a Varolian (J?^), and a cervical 
(NB) bend may be distinguished. 

While in Fishes and Amphibia the cerebral flexure later be- 
comes practically obliterated, it persists more or less markedly in 
the higher types, more particularly in Mammals. In the latter, 
moreover, the original relation of the parts becomes still further 
complicated by the large development of the cerebral hemispheres, 
which grow backwards, and thus gradually come to overlie all the 
other parts of the brain. This condition of things attains its 
greatest perfection in Man. Thus from the primitive relations of 
the various sections of the brain one behind another, they come 

Vff Zff ^ 



Fig. 108. — Cerebral Flexure of a Mammal. 

VMj prosencephalon ; Zff, thalamencephalon, with the pituitary body (ff) at its 
base ; Mlly mesencephalon, which at SB foims the most projecting portion of 
the brain, representing the so-called ** parietal bend " ; Hff, metencephalon ; 
JV77, myelencephalon. forming the ** cervical bend " {NB) : the ** Varolian bend " 
{BB) arises on the ventral circumference, at the junction between ITH and 
NIT ; JJ, spinal cord. 

to lie eventually more upon one another, the thalamencephalon, 
mid-brain, cerebellum, and medulla oblongata, becoming covered 
over by the hemispheres. 



MEMBRANES OF THE BRAIN AND SPINAL CORD. 

The enveloping membranes of the brain and spinal cord arise 
by a differentiation of a connective-tissue layer lying between the 
central organs of the nervous system and the surrounding skeletal 
parts. In Fishes, only two membranes are distinguishable, one, 
the dura mater, lining the inner surface of the cerebro-spinal 
canal, and the other, pia mater, investing the brain and spinal 
cord. The latter represents also the arachnoid of higher Verte- 
brates, which is not here differentiated as a separate membrane. 
The dura mater conveys vessels to the walls of the cerebro-spinal 
canal, that is, to the perichondrium or periosteum, while the pia 
mater, which is much richer in blood-vessels, has to do with the 
nutrition of the cerebro- spinal axis. The dura mater consists of two 
lamellflB, which, however, only remain distinct along the whole 
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central nervous system in the lower Vertebrata. In higher Verte- 
brates, its double nature persists only in the region of the vertebral 
column, the two layers becoming fused in the cranial portion. As 
the brain of Fishes by no means fills up the cranial cavity, a large 
lymph-space lies between the dura and pia mater; this cor- 
responds to the so-called sub-dural space of the higher 
Vertebrata. 

A differentiation of the primary vascular membrane of the 
brain and spinal cord into pia mater and arachnoid takes 
place in the higher Vertebrates, and these two layers become 
separated in those places where there are deep depressions be- 
tween the individual parts of the brain ; the deeper of these (pia) 



Fic. 109. — Bbain-Membbanes of Man. (After Schwftlbp.) 



adheres closely to the brain, and also penetrates into the ventricles 
in the form of telse choroideie and plexus choroidei, 
while the superficial one (arachnoid) simply bridges over the 
depressions. 

No certain explanation can as yet be given of tlie morphological 
meaning of the hollow anterior end of the spinal cord in Amphi - 
oxus, nor of the diverticulum connected with it which opens 
freely to the exterior on the dorsal surface. 



PiBhes. 

The Cyclostomi show a very low conditiou of the brain, 
which in many points remains in an embryonic condition. This is 
particularly the case in the larval condition (Ammocoetes, Fig, 
110), in which the brain possesses a narrow and elongated form. 
The individual vesicles lie in an almost horizontal direction 
one behind the other, and it is of great importance to note that 
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the part described on page 132 as the peripheral region 
(pallium) of the prosencephalon consists of a single layer of 
epithelial cells. This is covered on its dorsal surface by the pia 
mater, and thus here, as is also the case with the secondary 
fore-brain of Teleostei (see Fig. 113), there is a persistence of 
that low stage of development in which the prosencephalon is re- 
presented by a thin- walled and dorsally unpaired vesicle ; that is, 
there is no separation into two hemispheres by a cleft in the 
peripheral region. In Fig. 110 the peripheral region is not in- 
dicated, and thus the central portion of the prosencephalon is seen, 
the floor of the latter, or corpora striata, being exposed. The 
olfactory lobes (LoV) are connected with the corpora striata anteriorly. 



Fig. 110. — BiiAiN of Ammocodes. (Dorsal view.) 

Zol, olfactory lobes and nerves (7) ; VK, basal portion of the prosencephalon ; if//, 
thalamencephalon, with tlie pineal gland (Z) ; Mff, mesencephalon ; ffJI, meteu- 
cephalon, on each side of which is seen the origin of the trigeminal ( F) ; Nff, 
myelencephalon ; Fr, fourth ventricle ; VII, VIII, the points of origin of the 
facial and auditory nerves ; Med, spinal cord. 

The meten- and myelencephalon of Ammoccetes are remark- 
ably long, while in Petromyzon and Myxine, the individual 
portions of the brain are broader and more closely approximated. 
The epiphysis never breaks through the roof of the skull in 
Cyclostomes, as it does in many Fishes. 

Elasmobranchii. — The brain of these Fishes, like that of 
Cyclostomes, is of a specialised form, characteristic of, and confined 
to, the group, though the pai'ticular regions are much more highly 
developed than in the Cyclostomi. According to their external form 
two main types of Elasmobranch brains can be distinguished. One 
of these, seen inSpinax, Scymnus, and Notidanus, is character- 
ised by its very narrow and elongated form, while in the rest of the 
Elasmobranchii the individual parts are more closely compressed 
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and approximated together. In altiiost all Sharks the prosen- 
cephalon is relatively much longer than any of tlie othei- regions. 
The olfactory tracts, the length of which varies much, are con- 
nected with the anterior end of the prosencephalon, and pass 
forwards into the large olfactory lobes, from which the olfactory 
nerves arise (Fig. Ill, Tro. Lol). 

The thalaraencephalon, appearing like a small commissure 
wedged in between the prosencephalon and mid-brain, grows out 
on it« dorsal surface to form a chimney- or tnbe-hlre epiphysis; 
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Via. 111.— BuAlN OF Galeus canis, in sUn. (Dorsal view..) (After Rohor.) 
Lol, olfactory lobe; Tro, olfactory tract; S'ff, praseneeplialon, showing at /n a 
foramen for blood-re^Bcla ; ZIf, thatameiice|ibHlon ; JltJI, mcEencefhalon ; Ifff, 
meUncepbalon ; Nff, myelencepbalon ; S, spinal cord ; II, optic nerve ; III, 
oct:loniotor ; IV, trochlear nerve; V, trigeminal ; L.Trig, trigeminal lobe; 
C,rc3t, reatiform body; IX, glossopharyugpal ; X, vagus; E,l, eminentite 
ter^tes, between irhicb is tbe calamna scriptorius. 

this may reach to such a length as to extend beyond the anter- 
ior end of the brain for a considerable distance, and pass distally 
into the roof of the skull. 

Two pairs of small folds, spoken of as lobi inferiorcs aii'l sacci 
vaaculosi or processus infundibuli (Fig. 112, UL), arc present on the 
floor of the thalamencephalon. Thej- probably arise in connection with 
the infundibnlum, or perhaps with the hypophysis also. 

The cerebellum is always vciy large, overlapping the medulla 
oblongata to a greater or less extent : it is divided up into seve- 
ral folds lying one behind the other (Fig, 111, HIT). In Sharks 
the medulla oblongata is an elongated cylindrical body (Fig. 
Ill, NH), while in Rays it is more compressed and triangu- 
lar. In electric Rays a pair of lobi electrici arise from the gray 
matter of the floor of the fourth ventricle, and these enclose a 
mass of giant nerve-cells. For further details concerning, c.;}., the 
rcstiform bodies and trigeminal lobes, compare Figs. Ill and 112. 
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In the Angler (Lophuis piscatorius, a Teleostean) there is also a nnperficial 
Inyerof enormous nerve -cell 3 (about 200 in numhe*) hehind the calamus scrip- 
toiius of the sinusrhomboidalis, filling up the dorsal flsswre of the spinal eord for 
acertain distance ; their discoverer, G. Eritsch, calls them"]obi nervi lateralis." 
The anis fibres arising from these cells accompany the trigeminal and vagim, 
but do not go to electric organs, which are entirely wanting in Lophius, hut to 
the inf^gumentary sense-orRnns, which are enormously developed in this Fish, 
and also to the "lure."' The similarity in position of these nerve centres 
to the electric lobes of Torpedo, however, deserves notice. 



(From the ventral side. ) 



, auditory, iX, glosaoplmrjngeal, and X, vagus n 
prosencephalon; B, US, hjpopliysiB and infondibulnm ; UL, lobi inferiorea; 
iS'w, BKOous vttseuloHua ; Clr, transverse commissure ; Geh, auditory capsule ; JV, 
vertebral column ; S, epind cord. 

TeleoBtei.— The type of brain found in Teleosteans is also 
specialised, and restricted to the members of this order. 

As is the case in nearly all Fishes, the brain by no means fills 
the cranial cavity, as already mentioned in the description of the 
brain-membranes, and as a rule it is separated from the roof of the 
skull by a greater or less amount of a lymph-like fluid. 

The form of the brain in Teleostei varies greatly, more by far 
than in any other Vertebrate group. It is therefore difficult to 
give a general description of it, and only the following essential 
points can be mentioned here. 

It never attains to so large a relative size as does that of Elas- 
mobranchs. The peripheral region, as already ircntioned (p. 137), 
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remains in an embryonic condition, and can hardly be said to have a 
]>hysiological function ; the brain of those Fishes in which this con- 
dition is retained probably acts mainly as a reflex machine, 
and there ia little doubt that the mental processes 



Fig 113a. — LoNOirumvAL VEitTicAL Section through the AsTEiLiott Part of 
THE Tbleustean Braih. (Foauded on a figure of the Trout's bntin by Rabl- 
RiickharJ.) 

Tco, roof of the optic lob«a ; Tt, torus Inngitudiualis : Cp, post«rii)T cnmmissure ; 
Sp, pineal gkiid, with a cavity ((?p').in its interior; Ep, Ep, the ependyma, 
which lines the walls of the Tentticlea ; t, point at which the epithelial roof of 
the secouda^ fore-brain (pallium, Pa) becomes conlinuoua irith the lining of the 
anterior wall of the pineal tube: the fonner ia folded inwardg at /; V.fm, 
cotomon ventiiole of the secondary fore-brain ; V.l, third ventricle ; B.ol, N.ot, 
olfactory bulb and nPrve ; C.st, eorpns striatum, which was formerly taken to 
represent the wliole of the prosencephalon, and which lies on either side of the 
middle line ; Ch.ii.opl, optic chiasma ; Ci, inferior commissure (Gadden) ; Ch, 
liorizontal commissure (Fritsch) ; J, infundibulam ; H, H^, hypophysis ; Sv, 
saccus vasetilosus ; Li, Inbi inferioi'es ; Aq, aqneduct of Sylvius ; tr, trochlear 
uurve ; Vol, Talvola cerebellL 

which take place in the cortical gray substance of the 
brains of higher Vertebrates do not obtain in them. 

The mid-brain and cerebellum arc by far the largest 
portions of the brain (Figs. 114 and 115, MIT. .ffii), while the 
thalamencephalon is depressed between the prosencephaloti and 




Fio. 113b.— Tbanb VERSE Section 



/r, froolal hone, underneath which the puienl tube, Gp, is Tisihle in tcansverae Bec- 
tioQ, and below this tlie pia mnter, I'm ; Pa, the pallium, or roof of the secondaly 
fore-brain, formed of a simple epithelial Uyer ; f'.cm, common ventricle : Ep, 
ependjma ; T, T, olfactory tracts »t the base of the corpora atriata {C.tt). 



Flo. 114.— Brain of Prri!H {Perca arkraetser). (Side v 



Fio. HS.^Bbain of Pcrca schraeiaer. (Dorsal v 

Lot, olfiictoiyloW ; VIT, basal part of prosencephnlon ; ZH, thalamenccphalon ; MH, 
mesencephalon ; HH, metencopha]"" ■ VW nnioloTi(.oii>i.l..ii . P oranal i-nrA • 
I, olfactory nerve ; II, optic chiiu 
central Eutcua at the bottom of the b 
of the cerehdliim {lobj posteriorea). 
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mid-brain, and thus may be easily overlooked (Figs. 114 and 
115, ZH), 

The prolongation of the cerebellum into the ventricle of the mid-brain, 
seen only exceptionally in Elasmobranchs, is present as a rule in Teleosteans, 
but the extent of its development varies much. The pineal gland does not 
differ essentially from that of Elasmobranchs and Ganoids, though it never 
extends into the roof of the skull, and usually remains within the brain- 
membranes. 

As in Elasmobranchs, lobi inferiores and a saccus vasculosus are 
present in connection with the infundibulum. The saccus vasculosus is both 
glandular and vascular in structure, and its duct passes into the infundibulum ; 
hence it is sometimes called the '' infundibular gland." 

Ganoidei^ Dipnoi^ and Amphibia. — Even apart from the 
brains of Lepjdosteus and Amj^, which are formed on the 
Teleostean type, a common ground-plan cannot be laid down for the 
brains of other Ganoids, Dipnoans, £uid Urodeles; in a certain mea- 
sure they may be said to form one group, but in many points they 
resemble the brain of Petromyzon. They are all distinguished by 
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Fig. 116,— Brain of Polypterus hiehir, (Side view.) 
/, olfactory nerve ; //, optic nerve ; Lol, olfactory lobe ; VH, prosencephalon, with 
a lateral cleft at Sy and the cerebral peduncles (Pedc) at its base, which radiate 
iQto the hemispheres at Ca ; ZH, thalamencephalon, at the base of which is the 
mfundibulnm {Inf) with the pituitary body {H) ; ME, mid-brain ; HHy cere- 
bellum ; NHf medulla oblongata ; R, spinal cord. 

a marked development of the cerebrum, while the cerebellum is 
only represented by a small transverse fold of nervous matter 
on the anterior end of the medulla oblonorata fFis's. 116 and 

The mid-brain is always paired ; it encloses the narrow' 
aqueduct of Sylvius, and extends laterally outwards into the 
optic tract. The extremity of the epiphysis sometimes extends 
into the roof of the skull (Acipenser, Ceratodus), and the thalam- 
encephalon is not visible to any great extent on the dorsal side, 
though much more of it is exposed in Urodela than in Gym- 
nophiona and Anura, in which the individual regions, especially 
the largely developed hemispheres and the broadei^ed mid-brain 
(Fig. 118, VH, MH), are much more closely approximated than in 
Urodeles and Ganoids.^ 

^ As in Elasmobranchs, the epiphysis of Anura is produced into a \oi\cr tube, the 
distal end of which not only passes into the roof of the skull, but (iu the embryo) 
extends even to the skin. It becomes reduced later on. 
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Fio. 117. — Beaim of Salainandra maeaJDaa. (A, Joi'sal, B, ventral vitjw,) 
ff, oarebral hcmispliereit, marked off Ijy a furrow (F) from the olfaotoiy lobea {Lol) ; 
ZH, thnlamencepliBlon, with the pineal gland {Z) and the itij^n'lh of the 
choroid plexus on the dorsal aide, the infuudibiilum (/n/), and tho pituitftry 
body {H) ; MH, optic lobes ; BH, cerebpllum ; NB, medulla oblongata ; Frh, 
fourth ventricle ; R, spinal cord ; /, olfactory nerve ; II, optio nerve, with its 
ehiasmn ; III, oculomotor ; V\ V^, V^, first, second, and third divisions of the 
trigeminal, which arise from the Gasserian gatiglioD (CI ; Co, comniis 
between the roots of the trigeminal and facial nerves ; VI, ahducent nei 
Vll and VllI, facial and auditoiy nerves, arising from a common root ; 
auditory capsule ; XI, X, glossopharyngeal and vagus group ; &, ^anglio: 
vagus ; ISp, II Sp, first (hypoglosaal) and second spinal nerves. 



ME 
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Fiu. 118.— Brain of Eana eecuUnta. (From the dorsal side.) 
VH, cerebral hemisph«res marlted off from the olfactory lobes [L,ol) by a furrnw (/) ; I, 
olfiictory nerve ; ZB, tbalamencephalen, with the pine^ gland {Z) ; MH, mid- 
. brain ; HH, cerebelium ; NB, medulla oblongata ; Frh, fourth ventricle. 
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The brain of Anura, aad still more that of Gymnophiona, 
reaches a much higher stage than that of Urodelea, which 
retains to a greater extent a resemblance to the brain of Fishes. 
In Bana, moreover, the fore-parts of the hemispheres in the 
region of tlje olfactory lobes are fused together in the middle line ; 
in Urodeles and Protopterus they remain distinct throughout. In 
Ceratodus the hemispheres are fused together dorsally, and in 
Ganoids ventrally. 

Olfactory lobes may be largely (Amphibia, Polyptenis, 
Ceratodus), only moderately (Sturgeons), or not at all (Protopterus) 
developed. 



The brain of Reptiles reaches a considerably higher st:^ of 
development than that of the forms already described, and this is 



t'S, cerebral heraiapheres, Darrowing nnteriorly to pass into the olfactory tracts ( Tro] 
and the olfactorj lobes (Lai) ; Zff, tlialameiicephalon,- with the hypophysis (S) 
Mil, optic lobes, enciiMled Itehind by the roots of the optic tracts ( Tnji) ; SS 
cerebellum ; NJT, medulla oblongata ; Frh, fourth ventricle ; M, spinal cord 
/, olfactory nerve ; II, optic nerve, with chiasmi (Chi) ; III, oculomotor ; IV, 
trochlear nerve; V^, firstdiTlsionof tJletrieemiual, with its special ganglion '"'" 
V^, f*, second and third divisions of the trigeminal, arising from a common root 
(T) and ganglion ((P); VI, abducent; Vlt, VIII, facial and auditory nerves, 
arising from a common root ; IX, X, XI, gloasopharyngeal, vagus, and spinal 
aooesflory; ISp, II Sp, first and second spinal nerves; BK, Varolian bend. 

most pronounced by the individual parts coming to overlie one 
another to a greater extent, and by the larger development 
of both the peripheral and basal portions of the hemispheres. 
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The former character is seen most plainly in the Agamse 
and Ascalabotse (Geckos) the latter in Snakes, ChelonianB, 
and Crocodiles. A knowledge of the anatomy of the skull will 
help us as regards the external fonn of the bram of Reptiles, and 




Flo. 120. — BttAiN OF Emys earopfxa. {A, side, B, veatial view. ) 
VH, wrebnil hemispheres ; Lol. olfactory lobo ; T, temporal Into ; Inf, infondi- 
bulum ; H, hypophysis ; MH, optic lobes ; HH, cerebellum ; NH, mcdiiUn 
oblangats ; S. spinal cotd ; /, ollactory, and II, optic Deivea ; Tro, optic ti'sct ; 
Chi, optic ehiasma; ///, oculomotor; IV, trochlear; V^ — V, firafj second, 
and third divisions of the trigeminal, all of which arise from the Gasserian Ranjf- 
lioH, QQ ; VI, abducent, VII, facial, VIII, auditory, IX, KlosBopharyngeal, J, 
TBgua, and XI, spinal accesaory nerves ; / .Sp, II Sp, first and second spinal 



the reader is referred to that section of the introduction to the 
chapter on the skull in which the interorbital narrowing of the cranial 
cavity is described (p. 57). 

The brain of Lizards and Bliudworms (Angiiis) exhibits a far 
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lower organisation than that of other Reptiles. The hemispheres 
are small and pyriform, and all the different parts are narrower 
and more extended longitudinally ; the brain thus' bears a closer 
resemblance to that of Urodeles (compare Figs. 119, 120, A and E, 
and 121). Olfactory lobes seem to be wanting in Crocodiles only. 
An olfactory ventricle is usually present in each lube. 



Fio. 1E1-— Brain of Alligator. (From the doraal side.) 
(After Uabl-lliiokhard.) 
VII, caehral hemispheres ; Z, pineal gland ; ifff, opHc lobes ; Hff and HH^, 
medinn and laternl portions of the cerebellum ; Frh, sinus rhoniboidalis, 
bounded by the eminently acustics (.Eac), tiie Ignite medullares (T), the obex 
(Ob), and the clavs (Ct) ; I, olfactory nerve ; II, optic nerve ; IV, trochlear nerve'; 
F, trigeminal, VIII, auditory, IX, glossopharyngeal, X, vagus, XI, spinal 
acceBBory, and I Sp, II Sp, first and second spin ill nerves. 

The thalamencephalon is always depressed, and is hardly, 
or not at all, visible from the dorsal side. It gives rise to a 
distinct infundibulum as well as to an epiphysis, which in the 
embryos of Lizards, as in those of Anura, extends into the roof of 
the skuU, but which becomes narrowed and reduced later. 

The mid-brain always consists of a weU-raarked paired 
portion, and from it the optic tracts pass downwards and forwards 
to the chiasma. the fibres of the optic nerve taking on a secondary 



THE BRAIN. 147 

connection witli the mid-brain. Tlie cerebellum usually consists 
of a thicker median, and two fold- or wing-like lateral portions. 
It generally overlies the sinus rhomboidalia for some distance, 
and attains its greatest development in the Crocodilia (Fig. 121, 
HE). 

Judging from the cfists at the cranial cavity, the brain of Dinosaurians 
mnst have heen very lowly oraanised, and much more nearly related t« that 
of Lizards than to that of Birds. The genuB Stegosaurus possessed the 
smaller brain of any terreatrial Vertebrate relatively to its size. 



In Birds, the hemispheres are so largely developed that they 
overlie the anterior part of the mid-brain, bending back the 
pineal gland, and only leaving the cerebellum uncovered (Fig. 122, 
A and B, VH, HR). 



FiQ. 122. — Brain of Pigeon. (A, from above; B, from the iide.) 
]'H, cerebral hen 

body ; I, olfactory nerve ; Lol, olfactory lobe. 

The cerebellum consists of a well -developed and folded median 
lobe, and of two lateral portions (flocculi), which vary much both in 
form and size. Posteriorly it completely covers the fourth ventricle. 
The two optic lobes are separated from one another and pressed 
downwards, so as to lie on the sides of the brain in the angle between 
the hemispheres, cerebellum, and medulla oblongata (Fig. 1 22, MH), 
and they are connected by a broad commissure. Olfactory lobes 
are always present, hut only slightly developed. The corpora striata 
(basal portion of the cerebrum) lying within the hemispheres are 
so largely developed that they form by far the greater part of this 
region of the brain. 

The toothed Birds of the Cretaceous period, with Hesperornis at their head, 
possessed a very lowly organised Reptilian-like limin, with small hemispherea 
and large olfactory lobes. The brain of Archeeopteryx was highly developed, 
nearly resembling that of existing Birds. 
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Mammali. 



While in many cases {e.g. Marsupials, Rodents, and Insecti- 
vores) the mid-brain liea more or less freely exposed, in the series 
of the Primates the hemispheres gradually corae to cover all the 
other parts of tha brain. The presence of large commissures be- 
tween the hemispheres — the corpus callosum' and fornix — 
is very characteristic of Mammals r the hemispheres are also differ- 
entiated into lobes, which are usually more or less convoluted, 
giving rise to gyri separated by sulci, which serve to increase 



Fio. 123, — HHKAN BltAl.-t. (Median longitadinal lertical aectioa.) 
(Mninly uTter Reichert.)> 
VH, ceiebrum ; To, optic thnlttmns (thalamencephalon), with the middle commi^ure 
{Cm) ; Z, pineal gland ; T, iafundibulam ; H, pituitary body ; MH, corpora 
bigemino, with the aqueduct of Sylvius (Aq), anterior to which ia seen the 
posterior eommissure (Cp) ; SR, cerebellum ; NH, muduUtt oblongata, with the 
pons Varolii {P) ; R, spinal cord ; B, corpus callosum ; 0, fornii, which estends 
antero-ventrEJly to the lamina termiitalis (Col), in the uppr part of which is seen 
the anterior comntisaure (,Ca), and between the latter and the optic thalami (To) 
the tbrameu of Monro {FM) ; Teh, tela choroidea ; /, olfactory nerre ; II, 

the superficial area. The amount of convolution varies much 
in the different orders: thus in the brain of Primates frontal, 
parietal, occipital, temporal, and central lobes may be dis- 
tinguished.^ The central lobes correspond to the region described 
above as the basal portion of the prosencephalon. 

* The corpus callosum is very amall in Moiiotremes and Marsupials, only the part 
corresponding to the auterior genu of higher types being developed, and this is the 
part which is the Gist to appear in the embryo of the latter. Tiie relative size of the 



^ Corresponding with this division ii 
JifTerentiation of the lateral ventricles, s< 
inferior cornu can be distinguished in e 
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The division of the cerebellum into a median and two lateral 
portions, already indicated in EeptileB, but much more plainly 
marked in Birds, is carried to a still further extent in Mammals. 



FiQ. 124. — Convolutions of the Humas Brain. (After A. Ecker.) 
Lf, frontal loba ; ip, parietitl lobe | io, occipital lobe ; 7", temporal lobe ; n, h, c, 
superior, middle, and inferior frontal gyri ; X, B, unterior and posterior 
central convolutions, separated from one another by the fissure of Rolando (B) ; 
em, the calloso-marginal sulcca, on the dorsal surface ; P, P', superior and 
inferior parietal gyri, separated from one another by the interparietal fiasnra 
(/) ; Po, parieto-oceipital fissure ; FS, Sylvian fissure ; 1 to 3, superior, middle, 
and inferior temporal convolutions ; HH, cerebellum ; It'ff, medulla oblongata ; 
S, spinal cord. 

The median portion gives rise to the so-called superior vermis, 
while the lateral parts form the lateral lobes and flocculi. 



Fio. 125. — Diagrammatic Figure of thb Pkikcipal Bands of Nbrve-Fibreb 
OF THE Mammalian Brain. (From a drawing by A. Ecker. ) 

Cacb, crura medullie ad cerebellum ; Cap, crura cerebelli ad pontem ; CtK, cnira, 
cerebetli ad corpora bigemina ; C.C, crura cerebri ; HJH, hemispheres ; Cs, corpus 
atriatum ; Th, optic thalamus ; L, lemniscns i P, pons V^olii ; BH, cere- 
belluns. 

The two lateral lobes are connected by a large commissure, the 
pons Varolii (Fig. 123, F) : this extends round the medulla 
oblongata ventrally, and is more largely developed the higher we 
pass in the Mammalian series. 
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Other bands of nerve-fibres connecting parts of the bral 
are spoken of as peduncles of the cerebellum (crura inedullse s 
cerebellum, crura cerebelli ad pontem, and crura cerebelli 
corpora bigemina) and cerebrum (crura cerebri) (Fig. 125). 

In Mammals the mid-brain is of smaller relative size than ii 
other Vertebrates (Fig. 123, Mlf). A transverse furrow across 
dorsal surface divides it into four lobes (corpora bigerrkic 




Fio. 128.— Casts 



EocBNB Mammals, (After MftrsJi.) 



Skall, with bruin inJicnted, of A, TiUoCberium fadicna ; B, Broatotherium ingeitG; 
C, Coryphodon hnmntua ; D, Dinocerss miraMle. EbmAF, ventral snd kteral 
vkna of cuats of the brain of Dinocenta mirabile. 

The pineal gland (Fig. 123, Z) is displaced by the enlarged 
hemispheres, and rests upon the anterior lobes. 

The reader is referred to Fig. 123 for details as to the relations 
of the corpus callosum, the fornix, the thalamencephalon, the 
three commissures of the central portion of the brain, &c. These 
parts will be better understood by a comparison with the descrip- 
tion of their development given in the introduction to this chapter. 
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The brains of Tertiary Mammals were in a very low stage of 
development (comp. Fig. 126, A to F). Quite apart from the 
relatively diminutive size of the brain, and more particularly of the 
liemispheres, its structure reminds us in many points of the Reptilian 
"brain, though these animals were probably related to the Ungulata 
and Proboscidea. 



II. PERIPHERAL NERVOUS SYSTEM. 

By means of the peripheral nervous system a physiological 
connection is established between the periphery of the body and the 
central nervous system in both centripetal and centrifugal directions. 
All parts of it, whether formed of nerve-cells or fibres, appear to 
arise as bands or outgrowths of the central nervous system, and 
are consequently derivatives of the epiblast. Thus the whole 
nervous system represents a single organ morphologically as well as 
physiologically, and the connection of the nerves with their periphe- 
ral end-organs is to be looked upon, at least as far as we know at 
present, as a secondary one. 

Two principal groups of peripheral nerves may be distinguished, 
viz. spinal and cranial^ that is, those which arise from the spinal 
cord and brain respectively. The first are the more primitive and 
simple structures, and they all show a similar arrangement along both 
dorsal and ventral sides of the spinal cord, so that each segment of the 
trunk possesses a dorsal and a ventral pair. The former consists of 
sensory, the latter of motor fibres. 

This regular arrangement can no longer be plainly recognised 
in all the cerebral nerves. Their condition in the early embryo, 
however, shows that they have a similar origin to the spinal nerves : 
both groups arise from two continuous longitudinal ridges of cells 
( lying along the dorso-lateral regions of the medullary cord, which 
' become later differentiated into segmentally-arranged ganglia, the 
intersegmental portions undergoing no further development. 

Nerve-fibres (processes of the multipolar nerve-ceUs, consisting 
of axis-fibres) now grow out from the dorsal region of the spinal 
cord into this chain of ganglia, pass through them, and appear 
again on the other side. The dorsal nerve-roots thus arise 
secondarily, that is, after the conversion of the neural ridge 
into a chain of ganglia, while the ventral roots are developed 
independently from the medullary cord, and appear to be formed 
later than the dorsal. 

We must thus bear in mind that each dorsal or sensory nerve, 
whether it belongs to the brain or to the spinal cord, has originally a 
ganglion in connection with it, while in the ventral nerves a 
ganglion is wanting. 

On the distal side of each ganglion, both nerve-roots become 
bound up in a common sheath, though many facts seem to indicate 
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that in the ancestors of existing Vertebrates the dorsal and ventral 
roots remained distinct. 

The common trunk formed by the junction of the two roots 
divides up again into a dorsal, a ventral, and an intestinal 
branch. The first of these goes to the muscles and skin of the 
back, the second supplies the lateral and ventral portions of the 
body- wall, while the intestinal branch comes into connection with 
the sympathetic (see p. 160). 

1. Spinal Nerves. 

As a general rule, each corresponding pair of dorsal and ventral 
roots lies in the same transverse plane : an exception to this is seen 
however, in Amphioxus, Cyclostomes, and Elasmobranchs. In 
Amphioxus the mesoblastic somites of the right and left side 
are arranged alternately, and thus the points of exit of the 
nerves also alternate, -while in the two last-named groups of Fishes 
each ventral pair alternates with a dorsal pair. In Ganoids also 
lateral displacements of the nerve-roots are to be met with. 

While in Fishes the greatest variations are seen as regards the 
mode of exit of the nerves (which pass through the intercalary 
pieces of the vertebral column, through the arches, or between them), 
from the Amphibia onwards the nerves always make their exit on 
each side between the arches, through the intervertebral foramina. 
In their primitive undifferentiated condition the spinal nerves have 
a strictly metameric arrangement, and are equally developed in all 
regions of the body. As already pointed out in the chapter on the 
spinal cord, this condition becomes modified by the development of 
the appendages, so that a number of spinal nerves unite together to 
form plexuses,^ which according to their position are spoken of as 
cervicalj brachial^ lumbar, sacral, &c. The number and size 
of the nerves composing them is usually directly proportional to 
the development of the appendages : a special description of them, 
however, cannot be given here, and only the following points will 
be touched upon. 

In contrast to Fishes, the. great variation in the plexuses of which 
renders it impossible to reduce them to a common plan, we find 
from the Amphibia onwards a typical grouping of the branches 
of the brachial plexus. The following branches may be distin- 
guished : — (1) Anterior thoracic nerves (the dorsalis scapulae 
and thoracicus posterior s. lateralis of human anatomy) ; (2) 
anterior brachial nerves, the homologues of the subscapulares, 
cutaneus brachii intemus minor (with limitations), axillaris, and 
radialis; (3) posterior brachial and thoracic nerves (tho- 
racici s. pectorales anteriores, cutaneus internus major s. medius 
musculo-cutaneus, median, and ulnar nerves (with limitations). 

^ For a description of their composition, see Wiedersheim's Zchrbuch der vergl. 
Anatomic. 
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Tbe lumbo-sacral plexus shows in general, and more 
particularly in Mammals, much greater variations than does the 



Fio. 127.— Cbbbbral Nerves and Brachial Plbsus o» Salamindra aim. 
V, ophtJialmio branch of the trigeminal ; F*, its maxillary branch ; V, its 
Diandibulai' branch ; t \, entrance of tbe ophthalmic branch into the nasal capsule 
snd V, its eitcnaion forwnrda to the snout ; VII, facial nerve ; VII", ita hyo- 
mandibular branch ; VII'', its palatine branch, which enters the nasal oapaule 
at " ; (7o, commissnre between the facial and gIosaDphar3Tige»l{/Jt) ; IX', branch 
of tbe glosaopbaryngeal to tongue ; IX^, its pharjtigeal branch ; X, vagus ; Xl, 
spinal accessory ; XII 1, hypo^oasal (first spinal nerve, which becomes conuecled 
peripherally with the second spinal nerve, XII S)^ ; J to 5, the first five spinal 
nerves ; Pl.braek., brachial plexus ; Sy, sympathetic cord, showing a connection 
with the spinal nerves at Sy^ ; Or, orbit ; M, maxilla. 

brachial plexus. The nerves arising from it are spoken of as 
obturator, crural, and sciatic. The latter divides up in the 
hind-limb into a tibial and a fibular nerve. 



2. Cranial Nerves. 

As already mentioned,- the cranial nerves become so much 
modified in the course of development that their primary rela- 
tions, as a rule, can be no longer recognised.) Nevertheless, it is 
impoi'tant to understand these primary relations thoroughly before 
pursuing our inquiries further. It must therefore be borne in mind 
that the head is primitively composed of a series of metameres, and 
that the brain and skull are correlated genetically.' 

We must now ascertain, as iar as is possible in the present 
fltate of our knowledge, to which individual metameres the different 
cranial nerves belong (see Yig. 41). The latest researches on this 
subject have reference mainly to Elasmobranch embryos, though the 
results obtained have been confirmed in other Fishes {Cyclostomi, 
Teleostei), and to a certain extent in Mammals also. 

• For the appearance of dotssl ganglia of the cranial nerves in the embryo, compare 
the chapter on the sensory organs of the integument, p. 166. 



154 



COMPARATIVE ANATOMY. 



The following general summary gives a scheme of the primitive 
relations of the head segments. It is to be noticed that the first 
and second cranial nerves — the olfactory and the optic — ^are not 
mentioned in the list, for reasons to be explained later. 

Table showing the Segmental Arrangement of the Cranial Nerves, 
WITH their Relation to the Metameres of the Head. 



1st Me tarn ere (superior, 
inferior, and internal rec- 
tus, and inferior oblique 
muscle). 

2nd Metamere (superior 
oblique). 



8rd Metamere (external 
rectus). 

4 th Metamere (muscles 
which are early aborted). 

5th Metamere (muscles 
which are early aborted). 

6th Metamere (very rudi- 
mentary muscles). 

7th to 0th Metameres 
(muscles extending from 
the skull to the pectoral 
arch, including tne an- 
terior portion of the 
stemo-hyoid). 



Ventral branch. 



Oculomotor (///). 



Trochlear (/K). 

Abducent ( FI). 

Wanting. 

Wanting. 

Appears to be want- 
ing. 

Hypoglossal {Xll). 



Dorsal branch. 



Ramus ophthalmicus pro- 
fundus of the trigemmil 

in. 



Trigeminal (with the excep- 
tion of its ramus ophthsJ 
micus profundus). 



Facial (T//), and audi- 
tory ( Fill). 



Glossopharyngeal {IX), 



K Vagus {X). 



V 



The cranial nerves may be divided into four main groups,^ quite 
apart from their metameric signification. The first consists of the 
olfactory, or first, and the optic, or second cranial oierve ; the 
second of the nerves of the eye-muscles, i.e, the oculomotor, 
trochlear, and abducent nerves, the third of the trigeminal 
with the auditory and facial, and the fourth of the glossopharyn- 
geal and vagus. The eleventh cranial nerve, or spinal accessory, 
as well as the twelfth, or hypoglossal, although they occasionally 
(in Mammals for instance) are included within the cranial cavity, 
come under the category of spinal nerves. 

Olfoctory Nerve. — The olfactory, when compared with the 
other cranial nerves, possesses many peculiarities, which seem to 
give it an isolated position. It grows out secondarily from the 

1 No satisfactory morphological explanation has yet been given of the two pairs of/ 
nerves branching out to supply the anterior end of the body in Amphioxus. ' 
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olfactory lobe or from a part of the brain developed from it, and 
does not at first consist, like the ordinary cranial and spinal 
nerves, of a series of non-nucleated axis fibres, but has the form of 
nucleated bundles, which arise from a network of star-shaped 
cells of the olfactory lobe. These nuclei are therefore identical 
with the nuclei of nerve-cells.^ 

These observations were made on the human subject, and it is very desirable 
that similar researches should be extended to the lower Vertebrates. It might 
then be possible to explain the fact that the roots of the olfactory nerve are 
usually double. The roots either eventually unite on either side to form a 
common trunk, or else (less commonly) remain entirely separate, so that two 
olfactory nerves perforate the ethmoid on each side (Gymnophiona). 

A definite cribriform plate is not always present ; far more 
commonly the whole undivided trunk of the olfactory nerve ex- 
tends into the nasal cavity, and only then begins to break up. 
This holds good for by far the greater number of Vertebrates below 
Mammals, as well as for Monotremes. 

It appears very probable that the olfactory nerve, in spite of its 
peculiarities in the human subject, arises primitively, that is, 
phylogenetically, in a similar manner to the ordinary cranial nerves. 
The important circumstance that in- Fishes it arises from the primi- 
tive ridge of the medullary tube, from which all the other nerves 
take their origin, is in favour of this supposition. 

Optic Nerve. — As already mentioned, the optic nerve arises 
from the stalk of that outgrowth of the primary fore-brain which is 
spoken of as the primary optic vesicle. Inasmuch, therefore, 
as it represents a part of the brain, it cannot be compared with, 
any of the other nerves. It remains for further researches to show 
whether it is possible, on phylogenetic grounds, to consider it as 
originally a segmental nerve. 

Three more or less sharply differentiated portions may in most 
cases be distinguished in the optic nerve ; these are spoken of from 
the proximal to the distal end respectively as the optic tract) 
chiasma, and nerve. 

The chiasma, that is, the crossing of the two optic nerves, is 
always present, though not always freely exposed, for it may re- 
tain a primitive position deeply embedded in the base of the brain, 
as in Cyclostomes. 

While in most Teleosteans the optic nerves simply overlie one 
another (Fig. 128, A), in some of these Fishes (Harengus, Engraulis, 

^ The olfactory lobes, which are closely united with the hemispheres, are originally 
directly applied to the olfactory mucous membrane, which is perforated by numerous 
fine fibres from them. This condition persists throughout life in Cyclostomes : in 
other Fishes, in correspoudence with the separation of the olfactory organs and brain 
by the secondary growth of the head, each olfactory lobe becomes drawn out into an 
olfactory tract, the main mass of the lobe remaining in connection with the 
olfactory organ, and thus being widely separated from the brain. In Elasmobranchs 
the olfactory lobes are usually short and thick, while in Teleosteans they are long and 
slender. 
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Fig. 128, B), one nerve passes through a slit in the other, and this 
condition of things is gradually carried still further in Reptiles, until 
finally the fibres of the two nerves intercross in a very complicated 
manner (Fig. 128, C, D), giving rise to a sort of basket-work ; this is 
finest and most delicate in Mammals, where its structure can only 
be analysed by comparing a series of sections. 






¥'iG. 128. — (Chi ASMA OF THE Oprro Nerves. (Semidiagrammatic.) A, chiasma as 
seen in the greater number of Teleostei ; B, in Herring ; C, in Lacerla agilis ; D, 
in an Agama ; £, in a higher MammaL 

Ghi, chiasma of the bundle of nerves lying centrally ; Ce, Ce\ S, ^\ lateral fibres ; 

€o^ commissure. 



Nerves of the Eye-muscles. — The nerves of the eye-muscles, 
that is, the oculomotor, trochlear, and abducent, supply the 
muscles which move the bulb of the eye, as already mentioned 
in the table showing the metameric distribution of the cranial 
nerves (see p. 154). 

The so-called ciliary ganglion belongs to the ramus ciliaris, 
or, what comes to the same thing, to the ramus profundus of the 
trigeminal, and it thus represents the most anterior ganglion of the 
head. Its relations to the oculomotor are secondary. 

Trigeminal. — This is one of the largest of the cerebral nerves. 
As its name implies, it divides up on each side into three main 
branches, — an ophthalmic (1st division) consisting of a super- 
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ficial and a deep^ branch, a maxillary (2nd "di via ion), and a 
mandibular (3ni division). 

The firfit of these arises separately, like a dorsal root of a spinal 
nerve, while the other two represent primitively a single bnmcb, 
corresponding to the mandibular, from which the maxillary grows 
out secondarily. 



Fig, 129. --Cram I al Nerves of AnguUfragilis. 
O, Gasserisn gnaglion. from iThich proceed the three branched of the trigemiiml, V', 
F', and Vc : behind it is aeen a sliag-like commiesore of the sympathetic {Sy 
ADd Co), vhich connects the trigeminul with the vaj^s-gicup {IX, X) : from 
this connnissnte Btisea a. aympnthetic ganglion {Gg), as well as n long cord (,Synt) 
passing to the second aympathctic ganglion, Qg^ ; K//", VIP, the facial nerve 
appearing through two separate apertureB ; f, connection between the palatine 
brancli of the facial and the maxillary diTision of the trigeuiinal ; *t, points of 
entrance of the maxillary and ophthalmic divisions respectively of the tngeminnl 
into the nasal capsule ; Mm, Mm, hranchca of the mandibular branch to the 
masticatory muscles ; QX, ganglion of the vajfua ; Li, inferior laryngeal nerve ; 
p, superior laiyugeal ; Ri, intestinal branch of the vagus ; XII, hypogloasal (the 
two orat spinal nerves) ; 3 to 6, third to sixth spinal nerves ; 0, auditory capsule ; 
Scap, scapnla ; A, eye ; D, D*. Incrymal and posterior part of Hardeiian gland. 



The fact that in many Vertebrates the trigeminal arises by two 
■ separate roots indicates its doubJe nature, as does also the fact 
that, contrary to the general rule, all three divisions do not unite In 
a single ganglion (the Gasserian), but each main branch may be 
provided with an independent ganglion. 

In all Vertebrates, the first division of the trigeminal, 
with its deep (naso- ciliary) and superficial branch, supplies the 
integument of the forehead and snout, as well as the integu- 
mentary coverings of the orbit and certain parts of the eye- 
ball. It is entirely sensory. 

The second division of the trigeminal, which is also a 
sensory nerve, is connected with the facial, and extends first 
along the floor of the orbit, then passes to the upper jaw, supplying 
the teeth, and finally, as the initaorbital branch, perforates the 
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skull to reacli the integument in the region of the upper jaw, snout, 
and upper lip. 

The third division of the trigeminal is of a mixed nature ; 
it supplies on the one hand the masticatory muscles, and also gives 
rise to the great sensory nerve of the tongue (lingual or gustatory 
nerve), while another branch, passing through the inferior dental 
canal, supplies the teeth of the lower jaw, and then gives off 
one or more branches to the integument of the latter and of 
the lower lip. It is usually connected with the chorda tympani 
branch of the facial. 

Facial and Auditory Nerves. — Both arise from a common 
ganglion, the former, as we have seen, coming into close relation 
with the trigeminal. 

The facial, which is originally a mixed nerve, divides into three 
branches, a hyomandibular, a palatine, and a buccal. The first, 
which is connected with the glossopharyngeal by means of the 
so-called anastomosis of Jacobson, is distributed, as its name im- 
plies, mainly to the region of the first and second visceral arches ; 
thus in Fishes it goes to the parts around the spiracle and to the 
muscles of the operculum and branchiostegal membrane. A small 
remnant of this branch in the higher Vertebrates supplies the stylo- 
hyoid muscle and the posterior belly of the digastric. 

In Mammals the facial is a purely motor nerve, supplying 
mainly the facial muscles, as well as the platysma myoides, which 
has the closest relations to them (comp. p. 121). 

The auditory is always a very large nerve, and soon after its 
origin from the brain it divides into a cochlear and a vestibular 
branch. The former passes to the cochlea, while the latter supplies 
the rest of the auditory labyrinth. 

Grlo8Sophar3nifl»eal and Vagus. — These, which are of a mixed 
nature, have not, like the other cranial nerves, their distribution 
limited to the head. 

In Fishes and gill-breathing Amphibians the vagus branches 
out to the region of the visceral and branchial apparatus, as well 
as to the muscles of the shoulder and anterior extremity 
(Protopterus). It then extends backwards along the sides of 
the body under the skin to the tail as one or more lateral 
nerves, supplying sensory organs.^ 

Further, in all Vertebrates it is distributed to the anterior 
part of the alimentary canal, giving rise to a pharyngeal, an 
oesophageal, and a gastric plexus, besides giving off branches to the 
heart and to the whole respiratory system, from the larynx to the 
lungs (air-bladder). 

Thus cephalic, cervical, thoracic, and abdominal por- 
tions of the vagus can be distinguished in the higher Vertebrates. 

^ Compare the chapter on sensory organs, p. 165. 
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Both vagus and glossopharyngeal are always closely connected with 
the sympathetic system by anastomoses : in Fishes the glosso- 
phaiyngeal suppliesthe region of the first (hyobranchial) cleft, while 
in the higher Vertebrates it passes to the tongue as the nerve of 
taste, and, like the vagus, gives rise to a pharyngeal plexus. 



Fio. ISO. — Chakial Nerves and Brachial Plexus of Scylliam cankula. 

II, optic nerve ; 111, ocnlomotor ; IV, trochlear ; P* (upper), auperficial branch, and 
V' (loner), deep branch of the first division of the tngeminiu (the two branches 
anastomoBE at within the nasal capsule) ; Vbc, masillo-mandibular branch ; 
V*, maiilUry branch ; V", mandibular branch i VI, abducent ; VII, facial ; 
VII", ita hyomandibular branch ; VII'', its palaline branch ; IX, glossopharyn- 
geal ; X, vagus ; Riot, its lateral branch ; ttt, gill-clefts ; 1 to 14, the first 
fonrt«en spinal nerves, forming the brachial plexus {Pl.bnuA) ; 0, auditory 
capsule ; Sp, spiracle ; O, orbit ; MS, cleft of mouth. 

Spinal AcceBiory, — This nei-ve arises some distance back 
along the cervical portion of the spinal cord, in the region from 
which the fourth to fifth cervical nerves come off; from this 
point it passes forwards, taking up fibres from the cervical nerves 
as it goes. It extends along the side of the medulla oblongata 
into the cranial cavity, there becomes associated with the root of 
the vagus, and leaves the skull through the same foramen as the 
latter. It appears plainly for the first time in Che Ionia, and 
supplies certain of the muscles related to the pectoral arch, e.g. 
the sternocleidomastoid and the trapezius. 

Hjrposloaaal. — This purely motor nerve closely resembles a 
spinal nerve, and is distributed (having here and there anastomoses 
with the cervical plexus) to certain muscles lying on the floor of the 
mouth, and to others exljending between the pectoral arch (sternum) 
and hyoid (which morphologically are trunk-muscles and not vis- 
ceral muscles), as well as to tlie muscles of the tongue proper, 
which are differentiated from the latter. (Compare p. 119). In 
the Ichthyopsida it is not included within the skull, and is there 
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represented by the first and sometimes also the second spinal nerve. 
Both, to a greater or less degree, take part in forming the brachial 
plexus.^ 

SYMPATHETIC. 

The sympathetic nervous system is derived from the ganglia of 
the cranial and spinal nerves, and, as already mentioned, is 
distributed mainly to the intestinal tract. (in the widest sense), 
the vascular system, and the glandular organs of the body. 

From each spinal ganglion of the embryo, a nerve grows out, 
which has been already referred to as an "i nt estinal" nerve (p. 152). 
After extending a short distance, dorsal to the cardinal vein, each 
nerve passes into a small, irregularly-shaped mass of nerve-cells, 
and these ganglia, like those of the spinal nerves, show originally 
a segmental arrangement. As they become united together by 
longitudinal commissures, a chain-like paired sympathetic cord 
is formed (Fig. 104, S, SI to SIO), From its ganglia nerves pass 
off to the above-mentioned systems of organs, and its original 
connection with the central nervous system persists. 

The sympathetic extends not only along the vertebral column, 
but passes anteriorly into the skull, where it comes into relations 
with a series of the cranial nerves similiar to those which it forms 
further back with the spinal nerves. In the Frog, where it becomes 
connected with the ganglion of the vagus, a considerable number of 
its fibres pass together with the latter nerve to the heart, and thus 
the nerve which is generally known as the vagus stem is in reality 
vagus pl^ls sympathetic. 

The original segmental character usually disappears later on, 
and this is especially the case in those regions where marked 
modifications of the earlier metameric arrangement of the body 
have taken place, e.g, in the neck. 

In Crocodiles and Birds a part of the sympathetic cord runs 
within the vertebrarterial canal alongside the vertebral artery, while 
in all other Vertebrates the whole cord lies along the ventral side 
of the vertebral column : it is generally situated close to the latter, 
and overlies the vertebral ends of the ribs. 
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SUPRARENAL BODIES. 

These bodies, which owe their name to the position which they 
occupy in Maanmals in front of the kidneys, orginate from the 
mesoblastic tissue lying between the mesonephros and the aorta as 
well as from the sympathetic. 

In Elasmobranchs they are represented by a double row of 
bodies lying right and left of the vertebral column (that is, arranged 
segmentally) ; in these, a mesoblastic portion, consisting of richly 
nucleated lobules, and a part arising from the sympathetic may be 
recognised. In Teleostei the suprarenals are often wanting, but 
when present they sometimes represent the metamorphosed anterior 
(lymphoid) part of the kidney. In other cases, they are closely 
united with the kidneys. It is probable that in all Vertebrates 
they arise in connection with the pro- or meso-nephros. In 
Amphibia, they either lie on the ventral side (Anura) or on the 
inner border (Urodela) of the kidneys, receiving their blood-supply 
both in Amphibians and Reptiles from the renal-portal vein. 
In the latter group, as well as in Birds, they are of a bright yellow 
colour, of an elongated or lobulated form, and lie in close contact 
with the genital glands. 

In Amniota, and especially in Mammals, the suprarenal of 
each side forms a definite and uniform mass, lying close to the 
corresponding kidney, and in it an ectodermal {i.e. sympathetic) 
medullary, and a mesodermal cortical substance can always be 
recognised, the two elements here being closely united together. 

M 
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Their extraordinaxy richness in blood-vessels, which is seen 
throughout life, points to the important function of these organs ; 
but it is impossible to say at present what this function is. 
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Ill, SENSORY ORGANS. 

The specific sensory end-organs originate, like the nervous 
system in general, from the epiblast. The peripheral terminations 
of the sensory nerves are thus always to be found in cells of 
epithelial origin, while mesoblastic elements (as investments, for 
instance) are secondarily added to them. 

The individual sense-organs, e.g. those of sight, smell, taste, and 
hearing, are to be regarded as secondary differentiations 
of a diffused sense, as will be mentioned later on. This is 
not only indicated in many Invertebrates, but numerous facts in 
the development of Fishes and Amphibia and in the structure of 
Amphioxus point to the same conclusion. 

From the Cyclostomi onwards this differentiation has already 
taken place, and we find in them and in all Vertebrates above 
them, that the olfactory, optic, and auditoiy organs are always 
closely connected with the head. They are enclosed within 
certain cavities and hollows of the skuU (sense -capsules), and 
thus differ somewhat from the second main group of sensory organs, 
which are the means whereby the sensations of taste and temper- 
ature, as well as other sensory impressions, are appreciated. These, 
for the greater part, extend over the whole surface of 
the body, and thus have a diffused distribution; more- 
over, they remain throughout life near the ectoderm, 
from which they originate. 

In the higher organs of sense two kinds of cells are to be 
distinguished, although they are genetically identical with one 
another. The first of these are the proper rod-shaped sensory 
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cells^ connected by nerves with the central nervous system, and 
the second are the supporting cells^ which lie between the 
former and serve as a connecting and isolating material. 

In all the higher sensory organs the medium surrounding 
the end-organ is always moist, and as this is also the case with 
the sensory organs of the integument of Fishes, we find 
to a certain extent similar nerve-endings in both. Thus in both 
cases, we meet with rod-shaped sensory cells, but in the latter, the 
nerves coming from them do not pass through ganglion cells, as 
they always do in the higher sensory organs. This indicates a 
lower stage of development. 




B 



B 



C3> 







Fig. 131. — A^ peripheral nerve-ending, as seen in all the higher sensory nerves ; B, 
rod-shaped end-cell of a sensory organ of the integument of a Fish or Amphi- 
bian, or a taste-cell ; C, free, and D, ganglionated nerve-ending of the integu- 
mentary sensory organs of terrestrial Vertebrates. 

JV^, first, and JV, second portion of the nerve-fibre in connection with the epithelial 
end-cell, O^ ; O^ ganglion cell interposed between these portions ; CS, cuticular 
process of end-cell. 

All the figures are diagrammatic, and are based upon a figure by Merkel. 

In those animals which in the course of development give up 
an aquatic Hfe and come on land, the end-organs of the nerves 
pass further inwards from the surface, undergoing at the 
same time changes of form. 

The rod-shaped end-cell now once for all disappears, and 
two kinds of nerve-endings are seen in the skin — terminal 
ganglion-cells and free nerve-endings. 



Sense-Organs of the Integument, 
i. rod-shaped organs of fishes, dipnoi, and amphibia. 

a. Segmental Sense-Organs. 

These organs show considerable similarity to certain structures 
in Chsetopods and marine Rhipidoglossa {e.g. Fissurella). . 

They always consist of a central mass of cells, arranged in 
the form of a rounded and depressed pyramid, and ofaperipheral 

M 2 
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mass grouped around the former. The central cells are in connection 

with nerve-fibres ; each of them bears at its free end a stiff cuticular 
hair, and they are to be looked upon as the proper sensory cells 
(Fig. 132, CZ). The others (MZ, MZ^) ftmction only as a supporting 
mass {Fig. 135, a, h, e) 



fio. 132. — Traksvernk Section o 




FlO. 138. — DlSTBIBUTlON 



Saiahancbx 



In cases where these organs project freely from the epidermis 
— and this is always the case in the embryo — a delicate protective 
hyaline tube arises from the summit ; into it the terminal 
hairs of the sensory cells project, and the tube opens distally into 
the surrounding water (Fig. 135, B). 

While in aquatic Amphibia these organs retain throughout 
life their peripheral free position, on a level with the epidermis,' 
in Fishes they may in post-embryonic time become enclosed in 
depressions or complete canals, which are formed either by the 
epidermis only, or, as ia more usually the case, by the scales, and 
bones of the head, and wliich open externally. The organs are 
thus protected, and the hyaline tube is no longer seen. 

Those sensory organs are distributed over the whole body, but as 
a general rule they are most abundant along certain tracts, the 
position of which is very constant. Thus in the head, their course 
is usually similar to that shown in Fig. 134. From this point 

' At tlie time when nn Amphibian ondergms metamorphous, nod givfi up its 
nquatic life, these sensorj organs aink downwarda into the deeper layer of the akin, 
and, aa the epidermis growa toffether over them, they upparontly become shut off from 
the exterior and radueed, and may finnlly diaappear. AFCordiDg to other aathora, 
however, tliey persist, and remain open, being eonnecled with the outer snrliiee of the 
■kin by a tube. 
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backwards the organs are arraDged in metameric order, and, 
always connected by longitudinal nerves, extend along the aides 
of the body to the caudal fin in one or mora "lateral lines" 
(Fig. 133); they are thus often spoken of as organs of the 




FlO. 134. — DlAGBAM SHOWINO TBB DISTRIBUTION OF THE SBKBOBT OSOAHS 



Fig. 136. — Oscan of tbk Lateral Line of a Ubodblb. (Semidiagrammatic 

a, a, cells of the epidcrmia, tlirooKh vhtcb the neuTO'epithelium, b, b, can be seen ; 
c, the terminal hairs of the latter (the jjeripheral cells are not reptesentad) ; S, the 
hyalliie tube ; N, the nerve-fibres paudng to tbe'sensory cells. 

lateral line. The portions lying in the r^on of the head are 
innervated by the trigeminal, while the lateral line is supplied by 
the vagus.^ (Compare p. 158.) 

' The deTelopment of the lateral branch of the vagns bas cot yet been 
satisfitctoiil} made out : it either grows backwards from the vagus ganglion, or, as 
most authors maintain, it erises by a proliferation or differentiation of the deeper 
Uyer of the epidermis in aita. 

Id. Angnilia, Oymnotus, and Ceratodns, the lateral nerve is tepiesented by a 
branch of the facial. 
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The sensory sacs of Ganoids,^ wMch are confined to the bead, and the 
sensory tubes of Elasmobranchs represent peculiar modifications of the 
sensory oi^ans in question. The former are sac-like invaginations of the 
epidermis, while the latter have the form of delicate tubes, which give rise at 
tneir base to one or more swellings or "ampullae." Both are lined by a 
sensory epithelium of the same structure as that described on p. 164. 

As regards the function of these sensory organs, it can 
only be affirmed that they must have to do with the percep- 
tion of mechanical irritations from the surrounding water : 
in what manner the impulses give rise to perception cannot be 
definitely stated. In many cases they are thought to be con- 
cerned with the perception of sound, and we shall see that this 
is not improbable when we come to consider the auditory organ. 

The following is known with regard to the development of the lateral segmen- 
tal organs. The dorsal roots of the cranial nerves ( F, F//, F/Z7, IX^ and X) 
are during a certain embryonic period connected with the cells of the epiblast, 
with which they become completely fused. Each of these masses then grows 
and proliferates very rapidly, and the epiblastic thickenings thus resulting 
represent the rudiments of the ganizlia of the dorsal roots of the cranial nerves 
as well as the first indications of the segmental sense-organs. Later, each 
ganglion becomes separated from the skin, though it remains connected with 
the corresponding sense-organ by means of a delicate nerve-fibre. A simikup 
mode of development also obtains in the segmental sense-organs of the trunk. 

It is a very interesting fact that in enSbryos of the sheep and cow, 8 to 
10 mm. long, the ganglia of the facial, glossopharyngeal, and vagus are fused 
with the epiblast, and thus indications of segmental sense-organs are still 
present, though they disappear or become modified later. Beard has also 
found rudiments of these organs in chicks of the third day.' 



h. End-Bulbs, 

In the organs described above (Fig. 132) great diflferences in 
size and form between the central and peripheral cells may be 
recognised : similar organs, however, exist near them in which both 
kinds of cells are quite similar to one another in these respects. 
These are the so-called end-bulbs. 

In all Fishes they are scattered irregularly over the whole body, 
but especially over the head ; from the Amphibia onwards, they 
are present in the mouth-cavity only, and are no longer seen 
outside it.^ In Amphibians they occur on the palate and on 
the fungiform papillae of the tongue, and in Lizards and Blind- 
worms they are also present on the inner sides of the upper and 
lower jaws. In Mammals they are found on the soft palate, on the 
walls of the pharynx, and on the epiglottis, and even extend into 
the larynx ; but here also they are most constant and numerous on 
the tongue, where they occur on the circumvallate and fungiform 
papillae, as well as on the papilla foliata. 

^ Similar organs are present in Amiurus cattns. 

^ Beard proposes the name of branchial sense-organs for these structures, as 
he considers them to be primitively the special sensory organs of the gill-clefts. 
' They have also been found in the mouth and pharynx of Dipnoi 
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These structures faoctioa from the Amphibia ouwards as orgaiu 
of toate, while in Fishes they probably serve as tactile organs. 
This latter function is naturally impossible in those cases where 
they become somewhat withdrawn inwards from the free surface of 
the epithelium, as is the case with those situated on the tongue, where 
they can only be reached by fluid passing in to them. 



II, TERMINAL GANGLION CELLS. 

These structures are not directly connected with the surface of 
the epidermis, and supporting cells are wanting. 

"Tactile spots," consisting of groups of "tactile celli," are 
met with for the first time in tailless Amphibians, where, 
situated mainly on small elevations, they are distributed over the 
skin of the whole body (Fig. 136, a, a). In Reptiles they are 




Fio 138. — A Tactile Spot from the Skin of the Feoo. 
(Modified from Merkel.) ' 
nerve, which loses its medullary sheath, at JV' ; a, a, neoro-epithelium j 



Fio. 187. — Tactile Corpdbcle trom the Tonoub of a Bird. 
N't nerve ; S, enter investment, with nnclei (£".£0 ; iS^ S, septa. 

found chiefly in the region of the head, on the lips and sides of 
the face, and on the snout, but in some cases (as in Blindworms 
and Geckos), they extend over the whole body.* In Snakes and 
Birds the tactile cells are confined to the mouth-cavity (tongne) 



■ Similsi structures are also present in Crocodiles, si 
Trionji cellular bodies exist, which most probably a 
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and to the beak (cere), and lie much more closely together, form- 
ing definite masses, or "tactile corpiiBclM." Each of these 
is surrounded by a nucleated connective-tissue investment, from 
which septa extend into the interior, partially separating the 
individual tactile cells from one anotber. 



Fig. 13S.— a Tactilb Cobpcsclb (Ehd-Bulb) fbom the Cokjunctiva or a 
Mauual. 
if, nerve (the nenrilenmis of which at t becomea continnona with the inTeBtment of 
the tactile corpuscle ; K, K, nuclei in the investment ; N, the coiled tcrminatioji 
of the nerve (axis-fibre) passing to the tactile cells (T, 7"). 



Fio. 139, — A Pacinian Cobpusclb from the Bb4k of the Dock, 
{After J. Carrike,) 
ZZ, cells of the nerve-sheath ; L, longitudinal, and Q, oiroulsr layers of the in- 
vesting lamellie ; JK, central knob, with the two pillars of cells ; A, luiE-fibre, 
with protoplasmic inveslment, entering the corpuscle at A^ ; MS, medullary 
aheath ; Nl, neurilemiua, which becomes continuous with the investment of the 
corpuscle at ti f. 

In Mammals the tactile cells are either isolated, as, for instance, 
on the hairless portions of the body, or they give rise to oval coipus- 
cles, each consisting of a many-layered and nucleated investment, 
into which a nerve passes, becomes tvfisted up, and ends in one or 
more terminal ganglion cells (Fig. 138). 
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From the Reptilia onwards, so-called Pacinian corpuscles 
are present in addition to the above-described tactile organs. They 
undergo very numerous modifications, but each consists essentially 
of numerous concentric lamellae (Fig. 139, Q, i), enclosing the 
termination of the axis-fibre with its protoplasmic sheath, which 
dilates at the distal end into a sort of knob surrounded by a double 
row of cells (Fig. 139, J£). Thus the axis-fibre receives the 
external impressions indirectly, that is, by means of the cells in- 
vesting the knob-like end-organ. Organs of this kind are uni- 
versally present in the skin of Mammals, and differ from the 
tactile spots and tactile corpuscles in position: they 
are found in the deeper layer of the derma, as well as in 
the panniculus adiposus, the interstitial connective-tissue, and in 
the various organs of the abdominal cavity (e.g, the mesentery, 
mesocolon, pancreas, and portal fissure of the liver of the Cat), 
the fasciae, tendons, vas deferens, periosteum, pericardium, pleura, 
corpora cavemosum and spongiosum, the wing-membrane of 
Bats, &c. 

These organs are not entirely wanting in any part of the skin 
of Birds, but are particularly abundant on the beak, and at the 
bases of the contour- wing- and tail-feathers. So-called corpuscles 
of Grandry are also present in the beak. 

In all the tactile cells and tactile and Pacinian corpuscles we 
have to do with organs of touch, or, expressed generally, with 
means for the appreciation of sensations in the skin. 

It is impossible to say definitely which nerve-endings have to 
do with the perception of temperature ; it is not improbable 
that the tactile cells, asi well as the nerve-fibres with knob-like 
swellings ending freely^ in the epidermis, are concerned in this 
(Fig. 131, G). 
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Olfactory Organ. 



The olfactory organ, in its simplest form, consists of a paired, 
pit-like depresaioD of the integument above the cleft of the mouth. 
A nerve passes to the base of this pit, and becoming enlarged 
in the form of a ganglion sends o£F nerves to the sensory cells 
(oUkctory oells). The latter must be regarded as phylo- 
genetic derivatives of the end-bulbs of that part of the integu- 
ment which becomes pushed in to form the primitive olfactory 
pit ("olfactory bulbs"), and therefore come under the same 
morphological category as the taste-bulbs. At first (that is in 
Fishes and Urodeles), they are only separated from one another by 
interstitial epithelial tissue, but from the Auura onwards this tissue 
gradually disappears in order to allow of an increased surface for 
the olfactory epithelium. The ciliated cells lying amongst the 
sensory cells serve to conti nually renew the outer medium — whether 
that be water or air — by which the odoriferous particles are conveyed 
(Fig. 140, .B,.ff). 



R, olfiiotory cells ; E, interstitial epithelial oella. 

While the olfactory oigans of all the true Fishes exhibit the 
above-described simple sac-like form, from the Dipnoi onwards 
they come to communicate with the cavity of the mouth as well 
aswith the exterior. Inconaequenceof this, anterior or external, 
and posterior or internal nostrils (choante) can be distin- 
guished, and as a free pass^^e is thus formed through which the 
external medium can pass, the olfactory organ takes on an important 
relation to the respiratory apparatus. 
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These facts in the stnictiire and development of the olfactory organ and 
nerve have caused an attempt to be made to draw a parallel between the 
olfactory pit and a primitive preoral gill-cleft,^ and this is further supported 
by the general structure and histological relations of the olfactory mucous 
membrane, which corresponds with that of the gills of Fishes in the possession 
of end-bulbs. In a recent paper, however, Beard has put forward the view 
that '* the nose is really a branchial (s^mental) sense-organ, i,e, the sense- 
organ of a non-existent gill-cleft, and not a gill-cleft itself." 

Fishes. — In Petromyzon (Fig. 49, N, No) and Myxin- 
olds the olfactory organ consists of a sac, unpaired externally, 
lying close in front of the cranial cavity, and opening on the 
dorsal surface of the anterior part of the head by a longer or 
shorter chimney-like tube. Its mode of development and internal 
structure, however, as well as the double olfactory nerve, seem to 
prove that the olfactory organ of Cyclostomes must also have been 
primitively a paired structure.^ 

The position of the olfactory organ in Elasmobranchs diflfers 
from that of Cyclostomes in lying on the under instead of the 




Fig. 141. — ^Antebior Portion op Head of Adpenser sturio, ' 

a, anterior, 6, posterior opening of external nostrils ; o, isolated rosette of olfactory 

folds. 



upper surface of the snout. From these Fishes onwards throughout 
all Vertebrates the organ is always paired, and is more or less 
completely enclosed by a cartilaginous or bony investment, which 
forms an outwork of the skull. 

From the Ganoids onwards it always has a similar position with 
regard to the skull, being situated between the eye and the end of the 
snout, either laterally or more or less dorsally. In the course of 
development each external nostril of Ganoids and Teleostei becomes 
divided into two portions, an anterior and a posterior (Fig. 141, a, h, 
and Fig. 142, AN, AlP), by a fold of skin. The anterior often lies 
at the summit of a longer or shorter tube, lined with ciliated cells, 
and the distance between it and the posterior aperture varies 

^ According to this view, the condition which is seen in Myzinoids and Dipnoans is 
to he looked upon as the more primitive, and that of all other Fishes as secondary. 

' It is improhahle that the naso-palatine duct, which opens into the oral 
cavity in Myzinoids, hut ends hlindly in Petromyzon, is directly comparable to the 
posterior nares of higher Vertebrates. 
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greatly, according to the width of the fold of skin which separates 
them. 

The olfactory organ of Pplyptems is more highly developed than that of 
any other Fish. It is not a simple sac-like involution, but consists of six 
radially arranged compartments ^ separated from one another by complicated 
septa, and lying round a central spindle. A transverse section has somewhat 
the appearance of a cut orange. A short and distinct oval sac lies against 
the olfactory organ towards the middle line, and is entirely shut off from the 
rest of the apparatus ; it receives a special branch of the olfactory nerve. 



Fig. 142.— Antebioe Portion of the Head of Folypterus, 

Ay eye ; AN^ AN\ anterior and posterior openings of the external nostiil : f , f , f, 

apertures of the sensory tubes. 

The mucous membrane of the nasal organ of Fishes is always 
raised up into a more or less complicated system of folds, which 
may have a transverse, radial, rosette-like, or longitudinal (in re- 
spect to the cranial axis) arrangement. The branches of the olfac- 
tory nerve are distributed on them, and they serve to increase 
the olfactory surface. 

Dipnoi and Amphibia. — The olfactory organ of Dipnoi 
and Perennibranchiata is always enclosed within a complete 
or perforated cartilaginous capsule lying without the cranium 
proper (Figs. 54, NJC, 143, and N), and its mucous membrane 
is raised into folds like those of Fishes. In all the other Am- 
phibia it becomes included within the cranial skeleton, and 
lies directly in the longitudinal axis of the skull in front of the 
cranial cavity. 

In Amphibia, turbinals appear for the first time (Fig. 144, 
Gy Sf E): they are processes of the cranial skeleton projecting into 
the nasal cavity, and thus giving rise to an extension of the olfactory 
surface. These structures, slight traces only of which are present 
in tailed Amphibians, attain to a very considerable development in 
Anura and Gymnophiona, especially in the latter, where the nasal 
chamber is converted into a complicated system of spaces and 
cavities. A main and an accessory cavity can in all cases 
be distinguished, but more especially in the Derotremata and 
Myctodera ; the accessory cavity, as it lies in the maxillary bone, 
may be described as the maxillary cavity. In certain Gymno- 
phiona this becomes entirely shut off from the main cavity, and 

* Each compartment resembles in structure the entire olfactory sac of other Fishes. 



OLFACTOEY ORGAN. 173 

receives a special branch of the olfactory nerve, so that in these 
(lases two separate nasal cavities may be distiDguished, This will 
be referred to again later on (p. 178). 

A further neomorph are the internal nostrils (choanEe) already 
mentioned, as well as the glands lying under the olfactory 
mucous membrane ; these are either diffused, or united to form 



Flo. 143,— Olfactory Orqan of MenobrannJiia laUralia. (From the dorsal aide.) 



Fio. Ill- 
s' 5 olfactory mucous metnttanE ; S, main nasal cavity ; K maiillary cavity ; C, 
cartilaginoufl and S', fibiouH portion of the turbinRj, which Causes the olfactoir 
epithelium (E) to project far into the nasal cavity ; IB, intermaxillary gland, 
atut off from the cavity of Oie mouth by the oral mueoaa membrane [MS) : 
F, frontal ; F/, prefrontal ; JH, maxilla ; Vop, Tomero-paUtine j Sp, nasal 

definite organs. They either open directly into the nasal cavity, 
their secretion serving for the necessary moistening of the mucous 
membrane (which is effected in Fishes and Dipnoi by the exter- 
nal medium), or they pour their secretion into the pharynx or 
posterior nostrils. 

The latter always lie tolerably far forwards on the palate, and 
are for the most part enclosed by the vomer, and sometimes by the 
palatine also. 
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• 
Finally, the naso-lacrymal duct of Amphibia must be 
mentioned : it passes out from the anterior angle of the orbit, goes 
through the lateral wall of the nose, and opens into the nasal 
cavity on the side of the upper jaw. It conducts the lacrymal 
secretion from the conjunctival sac of the eye into the nasal 
cavity, and arises in all Vertebrates, from the My ct od era onwards, 
as an epithelial cord which is separated off from the epidermis, and, 
growing down into the derma, becomes secondarily hollowed. 

Reptilia. — The Lace rt ilia and Ophidia possess the sim- 
plest olfactory organs amongst Reptiles. The nasal cavity of the 
former group is divided into two portions, a smaller outer 
(anterior), and a larger inner (posterior), or olfactory chamber 
proper. The latter only is provided with sensory cells, the for- 
mer being lined by ordinary stratified epithelium continuous with 
the epidermis, and glands being entirely absent in it. 

A large turbinal, slightly rolled on itself, arises from the outer 
wall of the inner nasal chamber, and extends far into its lumen ; 
this is also well developed in Ophidia, in which a distinct outer 




Fig. 145. — Diagram of the Olpactoey Organ op a Lizard. (Longitudinal 

vertical section. ) 

AN, IN, outer and inner nasal chambers ; t, tube-like connection between them ; 
Ch, internal nostrils ; P, papilla of Jacobson's organ ; Ca, aperture of com- 
munication of the latter with the mouth ; MS, oral mucous membrane. 

nasal chamber is wanting ; it may be derived from that of the 
Amphibia. 

A large gland which opens in the boundary between the 
inner and outer nasal cavities lies within the turbinal. Below the 
latter is the aperture of the lacrymal duct, though this in some 
cases opens on the roof of the pharynx (Ascalabota), and in others 
into the internal nostrils (Ophidia). 

The structure of the nose in Chelonians is very complicated and varied. 
In marine Chelonians it is divided into two passages, one of which lies 
above the other, but they are connected by means of a perforation of the 
septum. The comparative paucity of glands in the olfactory organ of Lizards 
and Snakes forms a marked contrast to the condition seen in Chelonians, the 
nasal organ of which is characterised by a great abundance of them. 

From the Crocodilia onwards the olfactory organ, which 
up to this point lies entirely in front of the brain, gradually 
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extends farther and further backwards, in correspondence with 
the growth forwards of the facial region and the formation of 
the palate ; its posterior part thus comes to lie below the brain 
and base of the skull. 

In Crocodiles, as in other Reptiles, there is only a single true 
turbinal, but externally to it lies a second prominence, which 
is spoken ofasapseudo-turbinal.^ Each nasal chamber of the 
Crocodile is divided posteriorly into two superimposed cavities, the 
upper of which represent the proper olfactory chamber, and is 
lined by sensory epithelium, while the lower functions as a 
respimtoiy portion only. Certain accessory chambers are con- 
nected with the nasal cavity, which, however, serve only as air- 
chambers. A large gland, similar to that of Lizards and Snakes, 
lies in the cavity of the upper jaw, and opens into the nasal 
cavity. 

Birds. — In all Birds, as in Lizards, there is an outer chamber, 
lined by stratified epithelium, and a proper olfactory chamber, 
which lies above the former. Birds also possess only a single 
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Fig. 146. — Transveese Section through the Right Nasal Cavity of a 

Shrike {Lanius minor), 

OM, MMf superior (pseudo) and middle (true) turbinal ; a, upper, and J, lower nasal 
passage ; Xi2, air-chamber, which extends into a hollow of the superior turbinal. 

true turbinal, if by this term is understood a free independent 
projection into the nasal cavity supported by skeletal parts. Two 
other prominences (pseudo-turbinals) are, however, present, one of 
which ^ lies like the true turbinal in the proper olfactory chamber, 
while the other, like the pseudo-turbinal of the Crocodile, is situated 
in the outer portion : these are simply incurved portions of the 
whole nasal wall (Fig. 146, MM, OM). 

The form of the true turbinal, which is usually supported 
by cartilage, more rarely by bone, varies greatly. It is either 
represented by a moderate-sized prominence, or else it becomes 
more or less rolled on itself (forming as many as three turns). 
The lacrymal duct opens below and anteriorly to it. There 

^ The meaning of the pseudo-turbinal will be discussed in the description of the 
olfactory organ of Birds. 

* Its cavity communicates with an air-sinus lying in the anterior orbital space. 
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is no doubt that this turbinal is comparable to that of Urodeles 
and Reptiles. 

The so-called external nasal gland of Birds does not lie in the 
region of the upper jaw, but on the frontal or nasal bones. 

Mammals. — Corresponding to the much more marked de- 
velopment of the facial portion of the skull, the nasal cavity of 
Mammals is proportionately much larger than in the forms yet 
described, and consequently there is much more room for the 
extension of the turbinals : these give rise to a spongy labyrinth, 
the cell-like compartments of which are lined by mucous membrane, 
and thus variously shaped projections, supported partly by car- 
tilage and partly by bone, are seen extending into the nasal 
cavity. The normal number of these "olfactory scrolls" is 
five. In Marsupials they have a very typical arrangement ; they 
are ^ situated obliquely, slanting from the postero-dorsal to the 
antero-ventral side : the inferior is no longer covered by olfactory 
epithelium, and it becomes connected with the maxilla. 
/ The four other typical (ethmoidal) scrolls may persist as 

such, or the two upper and two lower become united together, 
in which case they are called respectively the superior and 
middle turbinals. Usually, however, the two upper primary 
turbinals remain separate throughout life, so that in this case there 
are two upper turbinals. The middle turbinal may also remain 
partially or entirely separated into its two primitive component 
parts. 

While the superior and middle turbinals of Man, that is the 
four primitive upper olfactory scrolls of Mammals, are to be regarded 
as neomorphs, the inferior turbinal, below which the lacrymal 
duct always opens, must be looked upon as derived genetically 
from that of the lower Vertebrates. It corresponds to the single 
true turbinal of Urodeles, Reptiles, and Birds, and in Mammals is 
represented by an independent bone lying at the entrance of the 
antrum maxillare s. Highmori (Fig. 147, 1)} 

In Man each nasal cavity is divided by the three turbinals 
into three superimposed passages ; of these the two upper alone 
(Fig. 147, &, c) conduct the air containing the odoriferous particles 
to the ethmoidal labyrinth, that is to the proper olfactory 
region of the nose, while the lower passage serves only as a 
respiratory tract (Fig. 147, a). 

The nasal chamber of Mammals not only communicates with 
the maxillary sinus as in the lower Vertebrates, but also with the 
neighbouring cavities, such as, in Man for instance, the frontal, 
ethmoidal, and sphenoidal sinuses. These cavities arise in part 
afber birth, and often do not attain their maximum development 
till the body is fully grown.^ 

^ In Cetacea the turbinals are never more than rudimentary. 
^ Compare the chapter on air-sacs of Birds, p. 259. 
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Their lining of mucous membTane U in direct connection mtb that of the 
nasal cavity ; this is nlso the case with the glandular organs of the noM, which 
are divided into two sets, — nnmerouB small diffuse Bowman's glands, and a 
larae gland of Stenson. The early appearance of the latter in the erohryo 
indicates that it is an ancient structure (corop. nasal glands of Amphibia, Reptiles 
and Birds, pp. 173-176), Itlieflin.thelat«ral walls of the nasal cavity (Car"'""-" 



THE Nasal Cavity of 

/, II, III, inffrioT, middle, and superior turbinal ; a, b, c, inferior, middle, and 
superior nnsal passage ; S, septum nasi ; J, J, remains of septal gland (ep. p. 
179): *, poiot At which the naso-lacrymal duct opens; f, entrance into the 
msxillary sinus (Cm) ; SL, ethmoidal labjrtDth ; HO, liard palate ; G.nr, cranial 
cavitj ; M, maxilla ; Or, wall of orbit. 

Bodentia, &c), and in cases where a maxillary sinus is well developed {fi.g, Man), 
it extends into the latter, and lies in ita inner wall, close to the api^ure into 
the nasal cavity. The duct opens at the anterior end of the middle turbinaL 

The appearance of an external noie is very characteristic of 
the olfactory oi^an of Mammals ; we must regard it as a derivative 
of the outer chamber of the nose of Reptiles and Birds. It is 
formed by an extension outwards of the nasal bones, and by a 
special cajtilnginous support which arises from the ethmoid. The 
outer nose undergoes the most varied functional adaptations ; it may 
give rise to a trunk-like organ, or even grow out to form a definite 
trunk, and, by means of its abundant nerve-supply, serve as a 
delicate organ of touch, and even as a prehensile apparatus. It 
is always provided with muscles, which are sometimes very largely 
developed. 

Jacobson's Organ. 

By Jacobson's organ is understood a paired accessory nasal 
cavity, which in an early emla-yonic stf^ becomes entirely separated 
off from the nasal chamber, and which is supplied by the olfactory 
and trigeminal nerves; it communicates with the mouth by a 
special aperture. i 
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This definition applies accurately to the accessory nasal cham- 
her of Csecilians already mentioned, which is enclosed within 
the maxillary cavity, and there can be no doubt that the latter 
is homologous with the maxillary sinus of all Vertebrates. In no 
other Vertebrates, however, does it retain the character of a kind 
of separate nasal chamber, but on the contrary, the higher we pass 
in the Vertebrate aeries, the more does the maxillary cavity become 



Fio. 148.— DissBCTiON OF THE Heau OF Epieritijit glviinoinm. (Dorsal view.) 
VR, cerebral hemispheres, fleparated by a. furrow {F) trom the olfactory lohcs {Lot) ! 
Z, pineal gland ; MH, mid-brain ; EH, cerebellum ; NH, mednlla oblongata ; 
B, spinal cord ; Se, septum naai ; /'', dorsal psir of olfactory nprves ; V, V, V, 
first, BBCoad, and Uiird diyiaiou of the trigeminal ; f"" and ¥•", lateral brancheB 
of the Srat diviaioD, one of which goes to the olfactory mucous membrane, and 
the other to the sheath o( the " tentacle " {TtS) : tho constrictor muscle of the 
tentacular gland {Cg) is supplied from a lateral branch of the second, dirigion of 
the trigeniiiial j X, vagus ; ca, duct of the tentacular gland, which is SQirouuded 
by the sheath of the tentacle ; Boe, globe of the eye ; mtuf, miut', the two 
portions of the masseter muacles ; Ok, auditory capsule. 

separated physiologically &om the olfactory organ; it loses its 
olfactory epithelium, and finally degenerates into a simple air- 
sinus. 

In Lizards and Snakes an apparatus exists which is quite 
unconnected with the Jacobson's organ of Gymnophiona, but which 
nevertheless comes under the above definition. This (see Fig. 
146, P) lies between the floor of the nasal cavity and the roof of 
the mouth, and may be described as a small paued cavity lined by 
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olfactory epithelium, from the floor of which a papilla arises : 
it communicatea with the mouth by a special aperture Id front of 
the intemal nostrils. 

Jacohson's organs are not known in Crocodiles, Chelonians, 
or Birds, but are very general in Mammals, being especially 
well marked in Rodents, Ruminants, and Perissodactyles, They 
here consist of two tubes lying at the base of the septum nasi, 
enclosed by definite cartilages (ploughshare cartilages of Huschke) ; 
they end blindly posteriorly, but open anteriorly into the mouth 



Fio. 149, — The Left So-called "Tbktacle" of Gmeilia oxjfura. (Opened from 
the dorsal side. ) 

Mc, eoaatrictor muscle ; He, retractor muscle, which becomes tendioouB at Ee\ and is 
inserted into the ridge or papilla, Pa ; D, the large gland, surrounded bj the 
constrictor, with its two duc^ (a, b), which further forwards unite to form a 
common duct (e) ; IS, AS, inner and outtr fibrous tubes ; A, eje ; S, S, skull, 
with the tentacular glind {TS) lying in the nasal cavity, showing throngb. At 
t the dnctsof the tentacular gland (Co.) pass out from the skull, and after extend- 
ing a short distance, pass into the tentacular sheath. 

by means of the incisive or naso-palatine canals (ducts of Stenson), 
which extend through the palate behind the premaxillje. 

The structures present in Man which have usually been described as rudi- 
ments of Jacobson's organ probably correspond with the remnants of a gland 
in connection with the nasal septum (Qegenbaur), 

The physiological function of Jacobson's oi^an may consist in 
bringing the food taken into the mouth under the direct control of 
the olfectory nerve. 

THE BPOOTINO APPABATUS (BO-CALLED "TENTACLE") 0¥ GTMNOFHIONA. 

A very remarkable organ eiista in Cteciliang, which is closely related as 
T^anJs position both to the nasal cavity and to the orbit. 

It consists of a fibrous capsule lying in the orbit, and surrounded by stiong 
muscle (Figs. 148, Cg, 14% Mc), which eitends forwards in the form of a 

N 2 
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tube along a canal in the upper jaw, opening on the lateral surface of the head 
near the snout. This prolongation consists of two fibrous tubes, one lying 
within the other (Fig. 149, IS, AS).^ 

A longitudinal muscle, acting as a retractor (Fig. 149, Ee, Ee^)y extends 
inside the organ along its whole length, and is inserted into a papilla (Pa) lying 
in the aperture on the side of the head. 

A large gland (orbital gland) ^ (Z>) is grouped around this muscle within 
the broad vesicular portion of the organ, and empties its secretion into the 
lumen of the tube-like portion (Fig. 149, a, b, c). The duct of a second large 
gland (tentacular gland) which is embedded within the maxillary cavity 
(Fig. 149, 27)), perforates the lateral wall of the maxilla, and opens into the 
tube-shaped section of the organ^ near its distal end, close to the above- 
mentioned papilla. 

The physiological function of this apparatus, which occurs quite isolated 
in the Animal Kingdom, cannot at present be explained with certainty. It 
probably acts as a spouting apparatus, and (if the secretion of the glands be 
poisonous) as a weapon of offence ; and thus, together with the remarkably 
developed olfactory organ, it would serve in some measure to make up for the 
non-functional, or partly non-functional eyes and auditory organ. It is 
improbable that it serves as a " tentacle," or organ of touch, as was formerly 
supposed, as the necessary nerves aifd sensory epithelium are not known to 
be present. 
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^ In the embryo the ** tentacle " appears to be wanting, but the eye is more distinct 
than later. 



a 



This probably corresponds to a metamorphosed Harderian gland. 



In contrast to the eyes of Invertebrates, which arise by a 
differentiation of the cells of the epiblast (hypodermis),^ the 
sensitive elements of the Vertebrate eye are formed from a paired 
outgrowth of the primary vesicle of the fore-brain (Figs, 150, 15Ia, 
ASl), as ab-eady mentioned on p. 132. 

This outgrowth is spoken of as the primary optic veilcle, 
and as it grows outwards towards the outer skin of the embryo. 




Fid. ISO. — DiAdRAHa hhowino tub Hddb of Formation or tee Etb ii 



aa (S), 



i meduUary groove, its cavit; {V] representing the thira ventricle of the 
brain ; in botn figures tt indicnte the point where the eitteraal"epibliiBt becOmea 
continaoDS with the iuTneinated portion ; the arrow in Fig. A ahows the direc- 
tion in whicli the mys of light pass, and one can imagine the rays entering in 
the lame manner in Fig. B, and paseiiig in the direction of the cnrvod arrows ; 
the; would tbns fall upon the shaded cells £&P on the walls of the ventriele, 
that is of the primary optic vesicle, which give rise later to the retina ; L, tbe 
cells of epiblast, out of which the lens is formed later ; Jiif, infuudibulnm ; 
JV, optic nerve. 

the portion which connects it with the brun becomes constricted, 
and by degrees loses its cavity, giving rise to a solid cord, from 
which the optic nerve is formed. 

At the point where the vesicle touches the epiblast, the latter 
becomes thickened, and gives rise to a mass of cells which is at 
first hollow, but which becomes compact later. This thickened 
portion of the epiblast then becomes driven inwards, carrying before 

' On closer consideration, this distinction does not appear to be an essential one, 
for the outgrowths (j the primary wall of the brain arise in the embryo at » time when 
theDiednllarj groove is still open 1« tbe exterior, nnd when the cells comprising it con- 
aist simply of a thickened portion of the epiblast. When the primary optic vesicle 
comes into apposition with the epiblast, and the lens and secondary optic vesicle are 
formed, tbe relations of tbe parts ore different, the sensitive (neuro-epithelisl) 
elements of the retina being lamed away from the light. (Comp. Figa. ISO and 
lElAondB, and p. IM.) 
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it the outer wall of the vesicle so as to form a douhle-wailed cup, 
the seoondaiy optic vesicle (Fig. 151b). 




F THB Primary 



', inner layer of the aecondary optic Tesicto, front which the retina ttrises ; t, point 
at which the latter is eontinnoua with the outer layer (AS), from which the pig- 
ment epithelium arises : ff, remains of the cavity of the primary optic vesicle ; 
L, lens which arises as a cup-shaped involution of the epiblast (E) ; ', point of 
involution of epiblaat to form the lens ; MM, inesoblastie tissae, which at iT', M^ 
grows in between the opidermia and the lens as Ihe latter becomes aeparsted off, 
and which gives rise to the cornea as well as to the iris ; G, vitreous chatQber of 
the eye, between the lens and retina, which becomes later filled hy the vitreous 
humour. 



The inner and outer walls of the cup then hecome fused 
together, and from the former the senaoiy epithelium of the 
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retina is formed, while from the latter the pigment epithelium 
arises. 

In the course of further development, the epiblastic thicken- 
ing mentioned above becomes separated from the epiblast, sinks 
more and more into the interior of the optic vesicle, and is 
differentiated to form the crystalline lens (Fig. 151b, X). 
The remaining space within the optic vesicle becomes filled by 
mesoblastic tissue, which grows in from the ventral side of 
the secondary optic vesicle through the so-called choroidal 
fissure^ and which gives rise to the vitreous humour (Fig. 
151b, C), the bulk of which, as compared with the lens, gradually 
increases. Certain vessels (vasa centralia nervi optici, arteria 
hyaloidea, tunica vasculosa lentis) also extend into the vesicle in 
the same manner, and are of the greatest importance for the 
nutrition of the embryonic eye. 



rr 
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Fig. 152. —Diagram of a Horizontal Section through the Right Human 

Eye. (Seen from above. ) 

Op, optic nerve ; 08^ sheath of optic nerve ; JfjP, blind spot ; Fo^ yellow spot (fovea 
centralis) ; M^ retina ; FE^ pigment epithelium of the latter ; Ch, choroid, with 
its lamina fnsca (X/) and vascular layer {QS) ; Sc^ sclerotic ; Co, cornea ; Qf, 
conjunctiva ; MB, membrane of Descemet ; GS, canal of Schlemm (the dotted 
line should extend further through the sclerotic to the small oval aperture) ; /r, 
iris ; Xc, ciliary ligament ; C, ciliary process ; VK^ HK, anterioj' and posterior 
chamber of the eye ; X, lens ; IT, hyaloid membrane ; Z^ zone of Zinn ; CP, 
canal of Petit ; Cv, vitreous hiimour. 

The secondary optic vesicle is now plentifully supplied with 
blood-vessels in its interior, and others arise in its periphery, where 
a definite vascular membrane, the choroid^^ is formed from the 
surrounding mesoblast (Fig. 162, Ch). 

Internally to the lens, the choroid gives rise to the ciliary 
folds, while more towards the exterior it passes in front of the 
lens to form the iris (Fig. 152, Ir), which retains in the centre 
a circular or slit-like aperture, the pupil^ through which the rays 

^ Le, the chorio capillaris and lamina fusca ; the pigment epithelium, as already 
stated, is formed from the outer waU of the secondary optic vesicle. 
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of light pass. The amount of light admitted is regulated by the 
dilator and constrictor (sphincter) muscles of the iris, which are 
able to increase or lessen the size of the pupil ; the iris thus serves 
as a screen to regulate the amount of light which enters the eye. 

Not only is the size of the pupil inconstant, but the lens is also 
capable of undergoing considerable change in form, becoming more 
flattened, or more convex, as the case may be. The former con- 
dition occurs when distant, the latter when near objects are looked 
at. This delicate accommodating apparatus is regulated by a 
muscle (the ciliary, or tensor choroidese), which arises in a 
/ circle all round the eye from the point of junction of the iris and 
sclerotic, and is inserted along the peripheral border of. the iris 
(Fig. 152, Zc). 

External to the vascular layer of the choroid lies a lymph-sinus 
(perichoroideal sinus) the walls of which are known under the 
name of lamina fusca (Fig. 152, Lf), and finally, externally 
to this is a firm, fibrous, partly' cartilaginous or even ossified 
layer, the sclerotic (Fig. 152, Sc), While the latter passes inter- 
nally into the sheath of the optic nerve (OS), and from thence 
into the dura mater, it becomes continuous externally with the 
cornea^ the outer surface of which is covered over by an epithe- 
lial layer continuous with the epidermis, the coi^Junctiva (Fig. 
152, COy Of). The sclerotic and cornea together form a firm outer 
support for the eye, and thus, together with the gelatinous mass 
of the vitreous humour, guarantee the rigidity necessary for 
the physiological activity of the nerve end-apparatus. Between 
the cornea and iris there is a large lymph-space, the so-called 
anterior chamber of the eye (Fig. 152, VK), its contained fluid 
being called the aqueous humour. 

The deep orbit, formed by the skull, serves as a further pro- 
tection for the eye, as do also certain accessory structures^ which 
may be divided into three categories, viz. : — 

1. Eyelids (Palpebrae). 

2. Glandular organs. 

3. Muscles (apparatus for moving the eye-ball). 
The eyeball then is formed of a series of concentric layers 

which are called from within outwards retina, choroid (with the 
iris) (vascular layer) , and sclerotic (with c o r n e a) (sk eletal layer). 
The first corresponds with the nervous substance of the brain, the 
occond with the pia mater, and the third with the dura mater. 
The interior of the eye contains refractive media, the lens and 
vitreous humour. To these, certain accessory structures are 
added. 

Fishes.^ — The eye of Cyclostomes remains at a very low 
stage of development : this is seen not only in the structure of 
the retina, but also (that is, in Myxinoids) in the absence of the 

^ In Amphioxus the presence of a visual organ has not been certainly proved. 
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lens, iris, and of a differentiated sclerotic and cornea. Moreover, 
the eye of Myxinotds and of Ammocostes lies beneath the skin 
and aub-dermal connective-tissue. In Petromyzon the skin covering 
the eye becomes thinned out, and thus the animal, which waa 
blind in the larval state, can see on reaching the adult condition : 
at the same time the eyeball increases in size, and becomes more 
highh^ organised. 

The eyes of all the true Fishes are, with few exceptions (e.g. 
Siluroids and Eels), of considerable size. They have but little 
power of movement, and as the cornea is very flat, and the lens 
lies almost directly against it, the eyeball always possesses a 
hemispherical or ellipsoidal form, and the anterior chamber is very 
small. la other points, the eye is formed on the same plan as that 
deacribed in the introductory portion of this chapter, hut a few 
other details concerning it must now be considered. 



Fio. 163.— Eve of a Tei. 
Op, optic nerve ; OS, sheatli of optic nerve ; St, retina ; PE, pigment apitiielinm ; 
Tp, tapetum ; Lv, lamiDS v&sciiloaa ; ^g, argentea ; Ln, lamina euprachoroidea ; 
Sc, BclHrotic, enclosing cartilage or bone (t) ; Co, cornea ; Ir, iris ; Le, ciliary 
ligament ; VK, anterior chamber ; L, lens ; C^, vitreous humonr ; Pr, proeessas 
f^ciformis, and Cp, campanula Halleri, here shown aa il coatinnons nith one 
another. 

The lens of Fishes, as in all aquatic animals, is globular, and 
possesses therefore a high refractive index. It fills up the greater 
part of the eyeball, so that not much space is left for the vitreous 
humour. It forms an exception to that of other Vertebrates in the 
fact that, in the condition of rest, it is accommodated for I 
seeing near objects. In place of a ciliary muscle, there is 
only a fibrous ciliary ligament. 

In the eye of Teleostei, a fold, the processus falciformis, 
arises from the choroid and extends into the vitreous humour 
towards the lens. The so-caUed campanula Halleri, which is 
inserted round the periphery of the lens, and which is usually 
described as a trumpet-shaped expansion of the processus falci- 
formis, is, according to Virchow, entirely independent of the latter 
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(Fig. 153, Pr, Cp). The processus falciformis is never large in 
Elasmobranchs and Ganoids. 

In the interior of this structure lie nerves, vessels, and 
smooth muscle- fibres, and the latter possibly exert an 
influence on the lens, and thus serve as an apparatus for ac- 
commodation. 

External to the choroid proper, that is, between it and the 

lamina fusca s. suprachoroidea, lies a silvery or greenish-gold 

iridescent membrane, the so-called argentea. It extends either 

over the whole interior of the eye (Teleostei), or is limited to the 

• iris (Elasmobranchs). 

A second layer with a metallic lustre, the tapetum 
cellulosum s, lucidum^ lies internally to the iridescent portion, 
and within this again there is the chorio-capillaris of the choroid. 
No tapetum appears to be present in Teleostei or Petromyzon. 

The so-called choroid gland, present only in Teleostei and 
Amia, consists of a rete mirabile (comp. p. 292), composed of 
arteries and veins, which has the form of a cushion, lying near 
the entrance of the optic nerve, between the argentea and pigment 
epithelium of the retina ; thus it has nothing to do with a " gland " : 
it corresponds in position to the choroid. 

The sclerotic is usually extensively chondrified (Elasmobranchs, Sturgeons), 
and not unfrequently becomes calcified or ossified towards its junction with the 
cornea : this also holds good for Teleosteans. 

The eyeball is almost always surrounded by a gelatinous tissue, pene- 
trated by simple and elastic connective-tissue fibres, and in Elasmobranchs 
it is curiously articulated on its inner circumference with a rod of cartilage 
arising from the lateral wall of the skull. 

The eyes are reduced or abortive in Amblyopsis spelaeus, a Fish living in 
the caves of Kentucky : a similar abortion of the eyes takes place in many 
Invertebrates which live in caverns or in the deep sea (Vermes, Mollusca, 
Crustacea, Insecta). 

Amphibia. — The eyes, of Amphibians are proportionately 
smaller, and their form rounder than those of Fishes, but there are 
many points of close correspondence between them. This is true, 
for instance, of the more or less strongly chondrified sclerotic, the 
slight convexity of the cornea, and the globular lens. In other 
important points, however, the Amphibian eye is simpler than that 
of Fishes ; thus, it is wanting in an argentea, a tapetum, a choroid 
gland, and a processus falciformis and campanula Halleri. A proper 
> I ciliary muscle is present in the whole series of animals from 
this point onwards. 

The eyes of Proteus and of the Gymnophiona always lie more or less 
deeply beneath the skin ; they are very small, and are much degenerated 
(Figs. 148, Boc, and 149, A). In Proteus the crystalline lens and vitreous 
humour are both wanting. 

Reptiles and Birds. — In these also, the sclerotic is in great 
part cartilaginous, and in Lizards it is provided with a ring of 
delicate bony plates around the external portion. Very many 



foasil Reptiles and Amphibians possessed similar plates, as do 
also existing Birds (Figs. 154, 155, f) ; in Birds horse-shoe- or 
ring-shaped bony structures are also usually present close to the 
entrance of the optic nerve. 



Fig. 164. — Ete of Lacerla mwrnlia, showino thb Risn op Bony Sclkbotic 



While the eyeball of Keptiles has a globular form (Fig. 154), 
tha;t of Birds, and especially nocturnal Birds of prey (Owls), is 
more elongated and tubular, an external larger segment being 
sharply marked o£f from an internal smaller one (Fig. 155). The 



Fia. ISfi.— Eye of an Owl. 
m, Mtina ; Ch, choroid ; ^i;, scterotic, with its bony ring at t ; CM, ciliary muscle ; 
Go, cornea ; VN, point of junction between sclerotic and corasa ; It, iris ; VK, 
anterior dwmber ; i, lens ; Cv, vitreons humour ; P, pecten ; Op, OS, optic 
nerTO and sheath. The dotted line passing across the broadest portion of the 
circumference of the eje divides the latter into an inner and an outer segment. 

former is bounded externally by the very convex cornea {Co), and 
encloses a lai^e anterior chamber ( VK), as well as a complicated 
ciliary muscle (Crampton's muscle) composed of striped fibres. 
This muscle is also transversely striated in Reptiles, and in them 
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is always well developed, though not to such aa extreme degree as 
in Birds. 

In Reptiles (Lizards, for instance) a tapetum may be developed, 
but an argentea and choroid gland are never present; all these 
structures are wanting in Birds. A structure which is homologous 
with the processus falciformis of the eye of Fishes is, however, 
present in Reptiles and Birds. Absent in Hatteria and Chelonia, 
this so-called pecten is largely developed in other Reptiles and 
in Birds (Fig. 155, F), In the latter it may extend from the point 
of entrance of the optic nerve to the capsule of the lens, but as a 
rule it does not reach so far. In Birds it is always more or less 
folded, and consists mainly of a closely-felted network of capillaries, 
and appears in both Biptiles and Birds to have an important 
. ^ ( relation to the nutrition of the contents of the eyeball and of the 
^ V retina. It has nothing to do with accommodation. 

The iris, which is regulated by striated muscle, by means of which it is 
able to respond very quickly to visual impressions, is often brightly coloured, 
and this colour is due to the presence not only of pigment, but also of 
coloured fat globules. 

The pupil is as a rule rounded, but it may have the form of a vertical slit, as 
in many Reptiles and in Owls. In certain Fishes (Cor^onus) and Amphibians 
(Bombinator) it is angular. 

Mammals. — In Mammals the eyeball is always more 
completely enclosed within the bony orbit than in most other 
Vertebrates, and this may partially account for the fact that the 
sclerotic no longer shows traces of cartilage or bone, but is 
entirely of a fibrous character. 

With the exception of aquatic Mammals, in which it is some- 
what flattened, the cornea is moderately convex, and the whole 
eyeball is of a more or less rounded form, 

A tapetum (tapetum cellulosum vel fibrosum), consisting either of 
cells or fibres, exists in the choroid of numerous Mammals, and gives rise by 
interference to a glistening appearance when seen in the dark (Camivora, 
Sirenia, Ruminants, Perissodactyla, &c.). 

Certain structures homologous to the processus falciformis and pecten are 
present in Mammals in the embryo only, but details of these structures cannot 
be described here. 

The ciliary muscle consists of smooth elements only, and serves to 
accommodate the eye for seeing near objects (compare the eye of Fishes). The 
lens of Mammals in its position of rest is accommodated for distance. 

The external surface of the lens is less convex than the internal, virhicli 
latter lies in the so-called fossa patellaris of the vitreous humour. 

The pupil is not always round, but may be transversely oval (Ungulates, 
Kangaroos, Oetacea), or have the form of a vertical slit {e,g. Cat). 
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&etlna. 

The fibres of the optic nerve, which pass into the eyeball 
at a right or acute angle, cross one another at the point of 
entrance,* and are then distributed to the sensitive elements of 
the retina. 

The latter is thus thickest at the point of entrance of the 
nerve, which ia known as the " blind-" or " Marriott's spot," and 



Fig. 166. — Retina. (After MerkeJ.) (The Dervoas portion is shown black, uid 

thesapporting substance of a lighUi tint.) 
f>, layer of nerve-fibraa ; QgL, layer of neire-cells ; in-jw, inner gninulat layer ; 

in.E, inner nuclear layer; &tt.gr, outer mnDlar layer; imK, onter nuclear 

layer ; Le, limitana externa ; St, layer of rods and cones. 

gradually decreases in thickness towards the ciliary processes. 
until, at the point of origin of the iris, it consists of a simple layer 
of cells. 

The retina, which is bounded both on its inner and outer 
periphery^ by a structureless hyaline membrane (limitaus 

' This has not been satisfactorily made out in Mammals. 

' The limitaiis externa encloses the entire retina externally in the embryo, but 
later tlie rods and cones come to project through it (see Fig. 15S), 
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interna and externa), is quite transparent in the fresh con- 
dition, and consists of two structures which are histologically 
and physiologically quite diflferent : they are, a supporting part 
and a nervous part. The former, or so-called fulcrum, which 
is stretched as on a frame between the limitans interna and externa, 
is shown in Fig. 156 as a light filigree-like tissue, the nervous 
portion being indicated by a darker and more granular shade. The 
latter consists of seven concentric layers, viz. : — 

1. Layer of nerve-fibres. 

z, ,, „ „ cells. 

3. „ ,. inner granular or molecular layer. 

4. „ „ inner nuclei. 

6. „ „ intermediate nuclei or outer molecular layer. 

6. „ „ outer nuclei. 

7. ,,. „ rods and cones with the pigment epithelium. 

Only the two last-mentioned layers (6 and 7) correspond to 
the proper neuro-epithelium. 

These layers are so arranged that the nerve-fibres lie next 
to the vitreous humour, that is, internally, while the rods and 
cones are situated towards the choroid, or are the most external. 
Thus the terminal members of the neuro-epithelium are turned 
away from the rays of light falling upon the retina, and the rays 
must therefore pass through all the other layers before they reach 
the rods and cones. X 

Fishes possess the longest, Amphibians the thickest rods, so that in the 
latter there are only about 30,000 to a square millimetre, while in Man there 
are from 250,000 to 1,000,000. 

In Fishes the rods far exceed the cones in number, while in Reptiles and 
Birds the reverse is the case. The cones of many Reptiles and all Birds are 
distinguished by the presence of brightly coloured oil-globules, which are 
also present in those of Marsupials. 
< In the retina of ^ Vertebrates there is a specially modified region of most 
^ 1 acute vision. This is called the yellow-spot (fovea centralis or macula 
lutea), and lies in the inner portion of the eye. It is due to the thinning- out 
of all the layers except that of the rods and cones, and even the rods disappear, 
only the cones persisting (Fig. 152, Fd), The cones of the macula lutea are 
distinguished in Fishes and Reptiles by a very elongated and narrow form, 
while in Amphibia and Mammals they are quite similar to those of the rest of 
the retina. The physiological function of the pigment-epithelium is to give 
rise to a colouring material, the so-called visual purple or visual red. 
This becomes dissipated by the light falling upon the retina, and we may thus 
compare the latter to a photographic plate, or rather to a whole photographic 
apparatus, in which the photographer, represented by the pigment-eT)ithelium, 
by continually laying on new sensitive material (** visual substance '^ (purple), 
renews the plate, removing the old picture. Thus the act of seeing may possibly 
^ be looked upon as a photo-chemical process. The rodfl-Only possess the visual 
purple, the cones being without it ; thus in animals the retina of which possesses 
no rods {e,g. many Reptiles), as well as in the yellow-spot of others, it is Wanting. 
The fact that the visual purple is not present in these Reptiles as well as in 
certain nocturnal animals (cgr. Caprimulgus, Vespertilio serotinue), and in 
Fowls and Pigeons, proves, however, that the physiology of vision is not yet 
thoroughly understood. 
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In a recent paper, Engelmann has shown that the cones-fengthen under the 
influence of light and shorten in darkness. This contraction of the cones and 
pigment-epithelium is directly connected with the nervous system, as is proved 
by the fact that it may occur in eyes which are entirely shut off from the light, 
as well as in those of decapitated animalswhen the brain is intact The optic 
nerve must thus be looked upon as being made up of both centripetal sensory 
and centrifugal motor fibres. A reflex excitation of the cones may also be 
produced in Frogs by allowing light to fall on any one part of the body only, 
and the game occurs in strychnine-tetanus, quite independently of light. 



/ 
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Accessory Organs in Connection with the Eye. 

(a) Eye-Muscles. 

The movement of the eyeball is always (except in Myxinoids) 
effected by six muscles, which may be divided, according to the 
direction they take, into four straight (rectus superior, in- 
ferior, externus, and internus) and two oblique muscles 
(obliquus superior and inferior). The former, which arise 
from the inner portion of the orbit, usually from the dural sheath 
of the optic nerve, together circumscribe a pyramidal cavity, the 
apex of which lies against the inner portion of the orbit, while the 
base surrounds the equator of the eyeball, that is, the region in 
which the muscles are inserted into the sclerotic. 

Both the oblique muscles usually take their origin, in close 
proximity to one another, from a point on the anterior or nasal 
side of the orbit, and as they respectively pass from this point 
dorsally and ventrally in an equatorial direction round the eyeball, 
they constitute a sort of incomplete muscular ring. 

A deviation from this arrangement is seen in Mammals, in which the 
superior oblique arises far down in the inner part of the orbit, and then 
passes forwards in the long axis of the latter towards its anterior (internal) 
angle, where it becomes tendinous, and passes through a fihro-cartilaginous 
pulley (trochlea) attached to the upper border of the orbit, on the frontal 
bone. Hence it is sometimes called the trochlear muscle, i^om this point it 
changes its direction, and becomes reflected obliquely outwards and backwards 
to the globe of the eye. 

Besides these six muscles, others are usually present which are 
known as the retractor bulbi (which is most developed in 
Ungulates), the quadratus (bursalis), and the pyramidalis. 
The last two are in connection with the nictitating membrane, and 
are present in Eeptiles and Birds. All three are supplied by the 
abducent nerve. For an account of the innervation of the straight 
and oblique muscles, the reader is referred to the chapter on the 
cranial nerves (p. 154). 

(&) Eyelids (P^lpebr^e). 

In Fishes the upper and lower eyelids are very rudimentary, 
having simply the form of stiflF folds of the skin ; and in all other 
Vertebrates below the Mammalia they never reach a very high stage 
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of development. They are lined on the surface looking towards 
the eyeball by the conjunctiva, and in the Ichthyopsida and 
Sauropsida are usually not sharply marked off from the rest of the 
skin, being capable of no, or of only very slight movement.^ 

The case is quite different in Mammals, in which the eyelids, 
more particularly the upper one, are extremely moveable, and 
are provided with hairs (eyelashes) on their free margin. They 
are closed by a circular muscle which surrounds the whole slit 
between the lids ; a levator is also present in the upper eyelid. 
In Sauropsida and many Mammalia (e,g. Ungulates) there is also 
a depressor of the lower lid. 

The want of or slight development of upper and lower eyelids 
in all Vertebrates below the Mammalia is compensated for, at 
any rate to a certain extent, by the presence of a nictitating 
membrane. This "third eyelid" differs from the others in 
having nothing to do with the true outer skin, consisting simply 
of a reduplicature of the conjunctiva, and being regulated by 
special muscles (p. 191). 

The nictitating membrane, which is present in rudiment in many 
Elasmobranchs, and which encloses a cartilage, is situated beneath 
the lower eyelid, or it may lie more towards the anterior angle of 
the eye. The former condition is seen in Anura and Beptilia, for 
instance, in which a third eyelid is so largely developed as to be 
capable of covering the whole freely exposed portion of the eyeball. 
In Birds and Mammals it always lies in the anterior angle of the 
eye ; in Primates it becomes reduced to a small half-moon-shaped 
fold (plica semilunaris), and so comes into the category of rudi- 
mentary organs.2, 

(c) Glands. 

The glands in connection with the eye may be divided into 
three sections : (1) the laciymal^ (2) the Harderian^ or gland 
of the nictitating membrane, and (3) the Meibomian glands. 

The secretions of all these three serve to keep the free surface 
of the eyeball moist, and to wash away foreign bodies. 

In Fishes, the outer medium appears to sufl&ce for this purpose, 
but the first attempt of a Vertebrate to exchange an aquatic for an 
aerial existence necessitates the development of a secretory apparatus 
in connection with the eye. 

Thus in Urodeles a glandular organ is developed from the 
conjunctival epithelium along the whole length of the lower eyelid ; 

^ In many Reptiles and Birds the upper eyelid is supported by a membrane-bone 
or fibro-cartilage, and large lymphatic and cavernous spaces are developed within the 
tissue of the lid. In Geckos and Snakes the two eyelids grow together to form a 
transparent membrane overlying the eye, and this comes away with the rest of the 
outer skin when the latter is sned. 

* In the Caucasian race the plica semilunaris is only 1 J to 2 millimetres broad, 
while in the Malayan Orang-Sakai race it reaches a breadth of 5 to 5^ millimetres. 
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in Reptiles this becomes more developed in the regioD of the 
anteriorand posterior aogles of the eye.aod the original conQecting 
bridge gradually disappears : thus two glands are developed from 
the primitively single one, each of which becomes further differ- 
entiated both histologically and physiologically. From one is formed 
the Harderian gland, which always lies at the anterior angle of 
the eye, surrounding to a greater or less extent the an tero- ventral 
portion of the eye^l, wlule the other gives rise to the lacrymal 
gland (Fig. 157, H, n\ Th). The latter retains throughout life 



Fig. 167. — Harderia.s- Gland {ff, R') and Lacrvual Gland (Th) of Angui* 
if, muacle of jiw ; B, eyeball. 



Kl(J. 158.— DiACBAMNATIC TBANSVERBE VERTICAL SECTION THROUBH THE ETE OF 

A Mammal. 

Op, optic nerve ; 3, eyeball ; Fo, Fo, fornix conjnnotivfe : L7T, LH, outer skin 

of Ihe eyeliits, which at the free edges of the latter at t becomes oootinuoua 

with the conjunctiva ; T, tho so-called tarsal fibro-cartilages, in which the 

Meilomian glands (MD) He embedded, the latter opening ».t^ \ H, H, eyelashes. 

its primitive position at the posterior angle of the eye, and in 
Reptiles and Birds even lies in the region of the lower eyelid, 
being supplied by the second division of the trigeminal. In 
Mammals it becomes gradually further subdivided, and extends 
into the region of the upper eyelid, so that its ducts open above 
the eye into the upper conjunctival sac (Fig. 159,*"). Nevertheless, 
even in the Primates, more or fewer ducts are present which open 
into the lower conjunctival sac, and thus the primitive position of 
the lacrymal gland is indicate;!. 



194 COMPARATIVE ANATOMY. 

A well-difierentiated Haxderian gland is present in the whole 
series of animals from the tailless Amphibia to the Mammalia. 
Amongst the latter it is wanting in the Cetacea and Primates only. 



TIf 




Fig. 159. — Diagram of the Lacrymal Apparatus of Man. 

Tl)^ lacrymal gland, divided up into several portions ; **, ducts of the lacrymal 
gland ; ft, puncta lacrymalia ; TRy TH^, upper and lower lacrymal canals ; 
b\ lacrymal sac ; D, naso-lacrymal duct. 

The Meibomian glands, belonging to the group of sebaceous 
glands, are confined to the Mammalia, and lie embedded in the 
substance of the eyelids in the form of branched tree-like tubes 
or clustered masses. They open on the free edge of the lid, and 
produce a fatty secretion. 
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Aui5iToiiY Organ. 

It is very probable that tlie auditory organ, like those of 
smell and taste, has been derived primitively from a modified 
integumentary sense-organ (organ of the lateral line). The 
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origiaal form of both auditory and lateral line organs is a vesicle 
derived from the epiblast, from which it later becomes separated 
off; it is lined by elongated cells of sensory epithelium provided 
with haii'-like processes (auditory hairs), and by supporting cells. 
Moreover, both structures are supphed by cranial nerves {VIII, 
X) which correspond to dorsal roots. 

Like the other higher sense-oi^ans, the paired auditory organ 
of Vertebrates is situated in the region of the head, and it always lies 
between the origins of the trigeminal and vi^us nerves. The first 
traces of it in the embryo are seen to the right and left of the hind 
brain {Fig. 160, LB), and after the vesicle of each side has he- 
come separated off from the epiblast and connected with the auditory 
nerve which grows out towards it from the brain, it sinks deeper 
and deeper into the mesohlastic tissue of the skull : it then loses its 
original pyrifonn or rounded shape, and becomes divided into two 



Fig. 160.— Hsad and Anterior Portion op Bodv of a Chick. (Iu imrt after 

Moldenhauer.) 
RQ, olfftctoiy pit ; A, eye ; / to IV, firat to fourth Tiaceral arches ; t, poiut at vi-hich 

the ejtteraal auditory pusaage begins to be formed ; LB, primitive Buditorj' 

vesicle seen through the waJI of the tiead. 

parts, called respectively the utriculuB and aacculus (Fig. 161, Ut. 
S). From the former the semicircular canals become differen- 
tiatedj while from the latter the tube-like recessus vesUbuIi 

(aquseductua vestibuli s. ductus endolymphatic us) and the cochlea 
are formed (Fig. 161, S.B., F.B., H.B., D.e, 0). 

This whole, very complicated, apparatus constitutes the mem- 
branous auditory organ or membranous labyrinth. It 

becomes surrounded secondarily by mesobiastic tissue, which is at 
first in close contaet with it ; later, however, a process of absorption 
takes place in the innermost layers of the mesoblast, thus giving 
rise to a space, which closely repeats the form of the membranous 
labyrinth, as does also the mesoblast which encloses this space, and 
which later becomes chondrified, and often also ossified. We thus 

2 
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get a membranoiiB an(] a bony labyrinth, and between them 
a cavity (cavum perilymphaticum) tilled with a lymph-like fluid 
(perilymph). The cavity within the membranous labyrinth, 
which also contains a fluid (endolymph), is spoken of as the 
cavum endolymphaticum. 

With the exception of the Cyclostomi, three semicircular canals 
are always present, and these lie in planes at right angles to one 
another. They are distinguished as the anterior vertical, the 
posterior vertical, and the horizontal (external) canals. 
The first and last-named (Fig. 161, S.B., H.B) arise from the 
portion of the utriculua known as recessus utriculi {Be.ut), and 
each has a vesicle-like swelling or ampulla {S.A.. Jf-A.) at its 



Fig. 161. — Sehidiagbaumatic Figure of tbr Auditors Orcak of- a 
Tblbostean. (Modified from a figure of that of Munxna anguiUa by Basse.) 
UL, utriculus ; Be.iii., Tecesaua utriculi ; V.R., connecting-tiilMof the post^riur ampulla 
{F.A,); **, wide connccting-dnct between tlie pars superior and pars inferior; 
S, ascculus; C, coulilea ; S.B., F.B„ H.B., anterior and posterior vertieiJ, and 
horizontal rjinals ; Co., canal commieauif, with its apei ; S.A., H.A., F.A., 
ampallie of the untfriar. horizoutnl, and pnstertor canals ; D.r^ ductua endo- 
Jympiiadcus, which arisea ftom the point where the two tubea of (lie psrj 
superior of the labyriuth and the opening of the horizontal canal ( x. ) join one 
another. 

origin. The posterior canal {F.B) also arises with an ampulla 
{F-A!) from a prolongation of the utriculus, described in Fig, 161 
as the " connecting-tube " ( V.B.). 

The other end of the horizontal canal opens by a funnel-shaped 
enlargement (Fig. 161, x) into the utriculus, while those of the 
posterior and anterior canals fuse together to form a common 
tube, the so-called canal commissure (sinus superior) (Co), 
which also opens into the utriculus. 

The distribution of the bmnthes of the auditory netve and the 
position of the sensory epithelium in the following parts of 
the membranous labyrinth must now -be considered :* (I) the 

' Concretions composed mainly of carbonate of lime are preaent in the repoiis 
of the various nerve end-platea of the auditory organ in all VcrUbrates, as well as 
in many inveileliratcs. These "otoliths" present the greatest variety both in 
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three ampullaa of the canals, in each of which the auditory cells 
are situated od a ridge (crista acustica) projectiQg into the 
lumen ; (2) the utriculus, in which a large "macula acustica" is 
present; this is continued into the recessus iitriculi as well as into 
the saccnlus and the rudiment of the cochlea (the recessus cochlese), 
which arises from the sacculus. The several portions of the sensory 
plate or macula acustica, which are originally continuous, becorae 
later disconnected from one another, and from the Teleostei onwards 
are seen as separate macuhe acusticce.' 




N AuPCLLA OF GoBiuB. (The exact form 
i Dot indicated.) (After Hensen.) 
issue of the <^riata ; a, base of semicircular 
im{mlla into tile alveus commuDia ; c, the 
L the fiee wall of the ampul lit ; rf, the 



The higher we pass in the Vertebrate series, the greater share 
does the mesoblnst take iu the formation of the auditory organ. 
At first, that is, in Fishes, the ear lies close under the roof of the 
skull, and is thus easily accessible to the waves of sound, which are 
conducted partly through the operculum (when present), and partly 
through the gill-slits or spiracle : * as we pass to the higher animals, 

form and size. The largest and moat massive ones are seen in Teleoateana. They 
either conBist of a eingle laasa, or are arranged in gi^upa in different regions of the 
labyrinth. Nothing certain is known as to their phvsiolOKical funetion. 

' Besides the stnve- mentioned areas of distribution of the auditory nerve, there 
is still another independent one ; it lifs in Fishes on the floor of the utriculus, close 
to the ductus sacculo-utricuiaris, to be described presently, and is culled the macula 
negle eta. It ia present from Fiahes up to Birds, lying in Amphibia on the inner 
side of the sacculua, and in Reptiles and Birds in the utriculus, as in Fiahes : in 
Mammals it andergoes a gradual reduction, anil finally be m bl't rat d In 11 
Vertebrates except Mammals, all the auditory uerve-endinpa a h t nsed. I ly 
o forms of cells (auditory and supporting cells) : ' ' " ' . . .^- 
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veatibuli cartilaginei " corresponds physiologically to a kind ft) f 
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however, the auditory organ gradually sinks further and further 
inwards from the surface. Thus a new method for conducting the 
sound-waves is necessitated, and the following structures become 
developed : — a canal passing inwards from the surface, the external 
auditory passage or meatus ; this opens into a spacious cham- 
ber, the tympanic cavity^ in which are situated the auditory 
ossicles^ and which is connected by the Eustachian tube with 
the pharynx. The whole of this canal, which is divided into an 
outer and an inner portion at the junction of the external auditory 
passage and tympanic cavity by a vibratory membrane, the tym- 
panic membrane, lies in the position of the first embryonic 
visceral (hyomandibular) cleft, or, what comes to the same thing, 
in the position of the spiracle present in many Fishes. From Rep- 
tiles and Birds onwards the first indications of a pinna (that is, the 
part of the external ear which projects from the head) are seen, 
though it only reaches a full development in Mammals. 

The pinna arises from a series of swellings which surround the external 
aperture of the hyomandibular cleft. These appear at an early stage in the 
region of the mandible and hyoid, and soon fuse together to form a sort of 
ring, from which are 'formed later those characteristic protuberances of the 
pinna which are known as tragus, antitragus, antihelix, &c. 

Fishes. — Apart from Cyclostomes, the peculiarities of whose 
auditory organ it is difl&cult to explain, that of all other Fishes 
follows the general plan given above, and the same may be said for 
all the higher Vertebrates. Everywhere we meet with a division 
into a pars superior, — represented by the utriculus and 
semicircular canals, — which remains essentially much in the 
condition already described, and a pars interior, — constituted 
by the sacculus and cochlea, — which gradually becomes more 
differentiated, and attains to a higher and higher degree of develop- 
ment and functional perfection (Fig. 161). In Fishes the cochlea 
consists simply of a small knob-like appendage ("lagena") of the 
sacculus, which opens freely into the main cavity of the latter 
by means of the sacculo-cochlear canal (Fig. 161, C). The utriculus 
and sacculus also communicate with one another by the sacculo- 
utricular canal. 

Amphibia. — Here all the parts remain much as described 
above, with the exception of the cochlea, which, especially in the 
Anura, points to a higher stage of development, in that it shows 
an indication of a pars basilaris with another patch of nerve- 
endings, the papilla acustica basilaris: it becomes further 
constricted oft* from the lumen of the sacculus, with which it is 
connected only by a very minute canal. 

A further advance in structure as compared with Fishes is the 
appearance of a cartilaginous plate which fits into the fenestra 
ovalis of the auditory capsule, and corresponds to the base of the 
stirrup-bone (stapes) of the higher Vertebrata (Figs. '56 and 58, 
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Sty Fov), la several Urodeles (e.g. Cryptobranchus, Menopoma, 
Spelerpes) the stapedial plate becomes elongated by the addition 
of a distal element, and thus forms a *' columella." A tympanic 
cavity, with a tympanic membrane lying on a level with the skin, 
and a Eustajchian tube opening into the pharynx, are met with first 
in the Anura, in which also the columella is more perfect, con- \ h- 
sisting 01 a bony and cartilaginous chain, expanded distally to fit 
against the tympanic membrane. The whole columella probably 
corresponds to the upper element of the hyoid arch (pharyngo- 
hyal) : the fact that it is sometimes continuous with the wall of 
the auditory capsule at an early stage may probably be explained 
as a secondary modification. 

Reptiles and Birds. — In the Chelonia, the auditory organ 
shows many points of resemblance to that of Urodeles, and in all 
Reptiles and Birds, the chief modifications are confined to the 
cochlea., w^hich shows gradually a higher condition of development 
as we pass from Chelonians and Snakes to Lizards and Crocodiles. 
In the Chelonia, where, as already mentioned, the auditory organ 
remains in a lower stage of development, the cochlea grows out in 
the form of a short canal (ductus cochlearis,' lagena) ; in Croco- 
diles and Birds this canal is considerably longer, and at the 
same time it becomes slightly coiled (Figs. 163 — 165). A more 
marked differentiation also gradually takes place in the mem- 
brana basilaris and the papilla acustica basilaris. Both 
become more and more elongated, and, at the same time, distinct 
indications of a sea la tympani and vestibuli are seen. (Compare 
the description of these parts on p. 204.) 

In the Lacertilia the most varied types of auditory organ are met with ; 
in many (Phrynosoma, Pseudopus, Anguis), the membrana basilaris is hardly 
more highly developed than in Ophidia. In Iguana, an advance towards 
Lacerta and the other higher Lizards is to be noticed ; the membrana 
basilaris is longer, though the lagena with its papilla is not so much marked. 
In Acantias and Platydactylus -this state of things is carried still further, 
and finally the more highly developed auditory organ of Plestiodon and 
Egerina leads up to that of Crocodilia. Thus there i« a continuous 
and unbroken series from the lower forms to the higher. 

The structure of the auditory organ of Hatteria shows many striking 
peculiarities : it thus, like that ofChamaeleo, occupies an isolated position. 

Whilst the cochlea gradually becomes more independent of the 
sacculus, the latter shows the greatest variety both as to form 
and size in the diflferent types (Figs. 163, 164, S). Thus, for 
instance, it is usually very small in Birds, while in Lizards (Lacerta) 
it is of considerable size. 

The aperture of communication between the utriculus and 
sacculus persists, though it gradually becomes narrowed, as does 
also that between the sacculus and cochlea. The connection 
between the latter may be drawn out to form a canal (canal is 
reuniens), and this is particularly the case in Birds (Fig. 165) ; 
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in Crocodiles an intermediate condition between Birds and 
Lizards is seen. The membranous labyrinth of Birds, however, is 
always specially characterised by the peculiar arrangement of the 



Fic. 163.— Mbmbranous LABYftiNTH OF Loeerta. 



(Both from the outer 

S, sacculus ; ut, utriculua ; Be-iU, recessus utriouli ; VR, connecting-iiuct of tbo 
posterior ampujlu ; SB, FB, HB, auterior and posterior vertical, and homotital 
canala, witli tlieir ftinpuUie (SA, FA', and HA) ; Co, comniiHSMB of the vertical 
caniiU ; pi, pars basilaria cochles : pf, maculn ttcoatica ueglecta ; lag, Ingena ; 
N, auditory nervo. 

anterior and posterior canals, which are greatly arched, and the 
position of the openings of which into the sinus superior (canal 

commissure) is reversed. 

In lower types (Swimming Birds) this peculiarity is less marked than in the 
higher forma, and it would be very interesting to ascertain the condition of 
these parts in the Struthlonidie, aa one would expect to find in them important 
points of connection with Reptiles, 

In Spite of this higher stage of development of the auditory 
organ in Crocodiles and Birds, we cannot speak of the presence 
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in them of an organ of Corti in the cochlea, A tympanic mem- 
brane is present in most Reptiles (with the exception of Ophidia, 
Hatteria, and Chamaeleo) and in all Birds. The osseo -cartilaginous 
columella is well developed, and varies much in the different 

forms. 



Fig. 165. — Membkanous Labykinth of the Pigeon. (After C. Haaae.) 

S, sacculas ; pb, pars basilaria ; mr, membruia of Reissn«r ; lag, Ugena ; SB, FB, 
JIB, anterior and posterior vertical, and horizontal canak ; SA, FA, HA, 
itmpnllie of the anterior and posterior Tertical, and horizontal canala. 



Pio. 16(1.— Mem Ba A Nora LABVElKin of Ox. (After C. Hasse.) 

S, saoculnB ; Re.ut, recessus utrieuli ; VB, blind sac at the origin of the cochlea ; Cr, 
canalis reuniens ; pb, para baeilaris ; lag, lagena ; SB, FB, EB, anterior and 
posterior vertical, and horizontal canals ; SA, FA, HA, the anipiilho of these 
canals ; Co, canal conmlsaure ; N, auditory nerve. 



—The Monotremes appear to form a connecting 
link between the Reptilia, or, more correctly perhaps, the post- 
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Reptilia and other Mammals ; and their auditory organ is similar 
in many points to that of Crocodiles. At the same time nothing is 
yet certainly known of the phylogeny of the Mammalian auditory 
organ, concerning which further and more extended researches are 
necessary. The cochlea here reaches its highest development, for 
it grows into a long tube which becomes spirally coiled on itself: 
in Man it forms nearly three coils, and in other Mammals from 
one and a half (Cetacea) up to as many as four or more.^ In this 
spiral form of the cochlea, as well as in its more highly specialised 
histological structure, lies the characteristic peculiarity of the 
auditory organ of Mammals. The auditory nerve forms the axis 
of the spiral (Fig. 166). 

In consequence of the large development of the cochlea, the 
papilla acustica, or, as it is called in Mammals, the organ of Corti^ 
is drawn out to a considerable length, and the part of the wall of 
the cochlea on which this lies is called the basilar membrane, 
while the opposite wall is spoken of as the membrane of 
Reissner (Figs. 169 and 170, B, B). These parts will be referred 
to again later on. 

The aperture of communication between the pars superior and 
pars inferior of the membranous labyrinth, that is, between the 
sacculus and utriculus, is entirely obliterated in Mammals, the two 
parts being only indirectly connected with one another by means of 
the ductus endolymphaticus; this bifurcates at its point 
of insertion into the membranous labyrinth, one limb being con- 
nected with the utriculus and the other with the sacculus (Fig. 
167, at 2). 

The tympanic membrane is situated deep down in the external 
auditory meatus, and separates the latter from the tympanic cavity. 
In place of the single bony columella of the Sauropsida there is in 
Mammals a chain of three auditory ossicles, articulated with 
one another, and extending between the tympanic membrane and 
the fenestra ovalis. These are, the malleus, the incus, with its 
orbicular apophysis, and the stapes, besides which there is often 
a bony (interhyal) rudiment in the tendon of the stapedius muscle. 
The malleus corresponds to the articular element of the mandible 
of lower Vertebrates,^ and the incus to the quadrate, the former 
arising by a constriction of the proximal end of Meckel's cartilage, 
which extends through the so-called Glaserian fissure into the 
tympanic cavity. As in the Sauropsida, the stapes corresponds to 
the upper element of the hyoid arch (pharyngohyalor hyo- 
mandibularof Fishes). The fact that in some cases the stapes 

^ In the Kabbit there are two and a half, in the Ox three and a half, in the Pi^ 
almost four, and in the Cat three coils in the cochlea. In other types the cochlea, as 
well as the sacculus and all parts of the pars superior of the membranous labyrinth, 
vary considerably both in form and arrangement. 

* Cp. the chapter on the skull, and Fig. 67, in which the mode of development of 
these parts is shown. 
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appears to be cut out of the sutstance of the periotic capsule, is 
taken by some observers (KoUiker, Moldenhauer) to prove that it 
has not a visceral origin, but this fusion is probably a secondary 
condition (cp. columella of Amphibia, p. 198). In Monotremes, 
several Marsupials, and some Edentates, the stapes is imperforate 
and columelliform ; in all other Mammals it is stirrup-shaped, and 
encloses the stapedial artery. 



Fic. 167.— Diagram or the Ehtibb Auditory Obcam of Mas. 
External Ear.— Jf, M, pinna ; Mae, ettemal auditory meatua ; O, wall of lat(«; 

Ml, tympanic membrane. 
Middle Ear. — Ct, CI, tyniiianio cavity ; 0', wall of same ; SAp, sound- conducting 

Bpparatas, drawn in the form of a raid, representing llie auditory ossicles ; 

the point + corresponds to the stapes which closes up the feuealra ovaiis ; if, 

fenestra rotunda ; TI>, Eustachian tube ; Tf>', itsopeninginlo (he pharynx ; 0", 

I n tern a 1 Ear, with the greater part of the bony labyrinth (KL, £L') removed. — 
S, saocuius ; a, b, the two vertical canals, one of which (b) ia shown cot tlitough ; 
e, Co; commissure of the canals of the memhraiious and bony labyrinths re- 
spectively ; S.e, D.e, aaccus and ductus endolymphatitus ; the latter bifur- 
cates at 2 ; Cp, cavum perilymphaticum ; Cr, canalis renniens ; Con, mem- 
branous cochlea, which gives rise to a blind sac at + ; Con', bony rochlea ; Sv 
and St, Bcala veatihuli and acala tympani, which at* pass into one another 
at the cupola terminalis [Ct) ; D.p, ductua perilymphaticus, which arises from 
tlie Ecala tympani at d, and opens at D.p^. The horizontal canal is seen 
between 2 and S. 

To understand the auditory organ, and more particularly the 
membranous cochlea, of Mammals, it is necessary to examine the 
bony cochlea. The axis of the latter lessens in size from base 
to apex (Fig. 168, A) and round it a bony lamella (lamina spiralis 
ossea) winds in a spiral manner; this extends into the cavity of 
the coils of the cochlea without quite reaching as far as the 
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opposite wall (Figs. 168, Zso, Lsd^, and 169> Jo, Xo')._ This is 
continued outwards by two laterally-diverging lamelJas (Fig. 169,5, 
S), mentioned above as tbe merabrana basilaris and mem- 
brana Reissneri; these lie at an angle to one another and 
correspond to the inner waits of the membranous cochlea. The out*r 
wall of the latter is completed by a portion of the peripheral part 
of the bony ccrehlea (the region between Ls and the peripheral end 
of .B in Fig. 169). The membranous cochlea, which thus appears 



Fig. J68.— Bony Cochlea of Man. {Afwr A. Ecker.) 




.9.^DlAfiRAMMATlC ThANSVERSE SECTH5S OF THE COCIILEA 



KS,' bony cochlea ; Lo, Lo^, the two layers at the lamiua spiralis ossea, between whicli i 
at N the anditory neire (together with the ganglion, left of L) is seen ; L, 
limbua laminiE spiralis ; B, membnoa basilaris, on nhich the neuio-epithelium ' 
lies ] Jt, Reissner s membrane ; &'i>, acala Teettbnla ; SI, scala tympani j ;^iii, 
Bcala media (inembranoua cochlea) ; C, membrane of Corti ; Zi, llKamentuni 

approximately triangular in transverse section, is called the ductus I 
cochlearis or scala media. It is apparent that the scala media i 
does not by any means fill up the lumen of the bony cochlea, but 
that a cavity is left on either aide of it, corresponding to those we 
have already met with in the auditory organ of Birds, and known 
as the Bcala Testibull and Bcala tympani (Fig. 169, Sv, St). 

Both of these are continuous with the cavum perilymphaticum. 
and, following the direction of the scala media, open into one another 
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at the blind end of the latter, that is, at the so-called cupula ter- 
minalis (Fig. 167,*). The scalA vestibuli is shut oflF from the 
tynipanic cavity {Gty Ct) by the membrane of the fenestra ovalis, 
to which the stapes is applied externally (Fig. 167, SAp, t) ; the 
scala tympani is closed by the membrane of the fenestra rotunda 
(Fig. 167, M), 

On the floor of the bony cochlea, not far from the fenestra 
rotunda, there is an opening (Fig. 167, d) into a narrow canal, the 
aqueductus cochleae, or ductus perilymphaticus {Dp, 
D.p^), which serves as a communication between the perilymph- 
atic cavity and the peripheral lymphatic trunks of the head.^ 

The already-mentioned ductus endolymphaticus s. 
aqueductus vestibuli is in relation with the endolymph 
enclosed within the membranous labyrinth (Figs. 161 and 167, 
D.e), It is an archaic structure, and is present from the lowest 
Fishes (Myxinoids) up to Mammals, undergoing numerous varia- 
tions and modifications in the Vertebrate series. In its primitive 
form, the endolymphatic duct consists of a tube arising from the 
inner wall of the sacculus, with the lumen of which it communi- 
cates. Its upper end perforates the inner wall of the cartilaginous 
or bony auditory capsule, passes into the cranial cavity, and 
terminates by an expanded extremity (saccus endolymphaticus) in 
the dura mater. Osmosis can thus occur between the lymph 
contained in the endolymphatic and epicerebral lymph-spaces 
respectively. 

InElasmobranchs the ductus endolymphaticus opens on the posterior part 
of the roof of the skull, and is thus in free communication with the sea-water. 
In many Reptiles its free end comes to lie close under the roof of the skull 
beneath the parieto-occipital suture, and in the Ascalabota the duct even 
leaves the cranial capsule, passes back between the muscles of the neck, and in 
the region of the pectoral arch becomes swollen to form a large folded sac, 
from which finger-shaped processes extend right to the ventral surface of the 
vertebral column and to the sub-mucous tissue of the pharynx. These pro- 
cesses may also branch out in a labyrinthic manner into the orbit, and they 
are always filled with a white semi-solid ma.«»s of otolithic substance, con- 
sisting of very minute crystals of carbonate of lime : otolithic matter is also 
present in the ductus endolymphaticus of all Vertebrates, at any rate in the 
embryo. 

In Amphibians, and also in certain Teleostean8,the duct of either side, 
by means of large sac-like enlargements, may come to lie close to its fellow, 
either on the dorsal surface only, or on both dorsal and ventral sides of the 
b^in. The latter is the case in Anura, for instance. 

In Birds and Mammals the ductus endolymphaticus never passes out of 
the cranial cavity, and in its general relations corresponds with the tube-like 
ground-form described above. 



^ A ductus perilymphaticus can be plainly made out from Reptiles onwards. It 
arises in the cavum perilymphaticum on the outer side of the sacculus, then passes 
along a deep furrow to the median wall of the cochlea, extends over the membrana 
basilaris (scala tympani), passes through the foramen rotuudum, and comes into 
connection with the epicerebral lymph-sinus. 
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BIBTOLOai 07 THE HAUMALIAN COCHLEA. 

The fibres of the auditoi^ nerve Tunning along the axis of the bonj cochlea 
extend in their course laterally outwards, and come to Ue between the two 
plates of the lamina spiralis ossea (Fig. 168, Lio, Lso^, Figa. 169, 170, 2i, 
between Lo and Lo*). On the free border of the latter, theee pasa out, and 
break up into terminal fibrillte on the inner sur&ce of the basilar membrane 
{Fig. 170, N, N\ N*). 



Fio. 170.— The Obgan of Costi. (After Lavdowsky.) 

Lo, Zo*, the two pttttes of tbe lamina apiislls ossea ; JV, auditory nerve with gaiigliou ; 
Jn, N*, the nerve branching up into fibrillte and passing to the auditory cells 
(O, O) ; Ba, Ba, bacilli, or supporting cells ; Mi, membrana reticularis ; C, mem- 
brane of Corti ; L», ligamRntum SMrale, passing into the baaUar membraiiF ; 
Sin,, scala media ; A, membrane of Beissner ; B, B, basilar membrane. 



The fibrilliE extend to the sensory or auditory cells (0. G), and these are 
stretched as in a frame between the lirm supporting and isolating cells or 
bacilli {Bii, Ba), From the surface of the bacilli a resistant net-like mem- 
brane (inembrana reticularis) extends laterally, and through the meshes of th«> 
latter the hairs of the auditory cells project (Fy{. 170, Alt). The number of 
the outer hair-cella may be estimated at about 12,000. The auditory cells 
are covered by a thick and firm membrane — the membrana tectoria s. Corti 
(Fig. 170, C) — which probably acts as a damper, and which arises from the 
labium veatibulare of the lamina spiralis ossea. The whole extent of the basilar 
membrane coiiaists of clear thread-like and very elastic fibres, of which about 
16,(KX) to 20,000 can be made out in Man. These are capable of vibrating 
freely, and, as their length varies definitely in different regions of the cochlea, 
they might be looked upon (were it not that they are absent from Birds) aa 
forming a sort of keyboard or harp, that is, as a definite apparatus of strings 
capable of analysing the different waves of sound, the vibrations of which are 
communicated to the auditory cells, and thence by means of the nerves to 
the brain. 
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RELATION OF THE AUDITORY ORGAN TO THE AIR-BLADDER IN FISHES. 

A relation between the auditory organ and air-bladder is observable in four 
families of Teleosteans (Siluroidei, Cyprinoidei, Characini, and Gymnoti). The 
apparatus is formed on the same plan in all these Fishes.^ 

A chain of bones extends between the anterior end of the air-bladder and 
the auditory organ, by means of which the relative fulness of the air-bladder 
can be appreciated by the Fish. This chain arises by the metamorphosis of 
certain parts of the four anterior vertebrae (upper arches and spines and 
transverse processes), and four segments may be distinguished. In many cases 
processes of the air-bladder are produced outwards to the side-walls of the body, 
where the skin becomes very thin, forming a sort of tympanic membrane. 

(For further details, such as the relation of the whole apparatus to the 
saccus endolymphaticus, the reader is referred to Wiedersheim s Lehrbuch der 
vergl. Anatoriiie.) 
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F. ORGANS OF NUTRITION. 

ALIMENTARY CANAL AND ITS APPENDAGES. 

The alimentary canal (tractus intestinalis) consists of a tube 
which begins at the aperture of the mouth, passes through the 
body cavity (coelome), and ends at the anus. Its walls consist 
essentially of three layers; an inner epithelial, a middle con- 
nective-tissue, and an outer muscular layer. The first, 
which corresponds to the hypoblast of the embryo, forms the lining 
of the canal (Fig. 8, Ejp), and gives rise to numerous glandular 
structures which have a secretory as well as a resorptive nature ; 
the second (Subm), consisting of connective and adenoid tissue, 
serves chiefly to conduct the blood and lymph vessels ; while the 
third (Msc) which, together with the second, corresponds to the 
splanchnic layer of mesoblast of the embryo, is, as a rule, divided 
into two layers, and consists of smooth muscular elements, the inner 
being constituted by circular fibres, and the outer by longitudinal 
ones. These serve for the contraction of the wall of the gut, and 
thus fulfil the double function of bringing its nutritive contents 
into the closest possible relation with the whole epithelial surface, 
and at the same time of removing from the body the substances 
which have not been absorbed. A fourth accessory serous coat, 
enclosing the gut externally in the region of the coelome, must be 
added to these three layers. It is covered on its free surface by 
pavement epithelium, and is reflected round the entire body-cavity, 
converting the latter into a large lymph-sinus. Its abdominal 
portion is spoken of as the peritoneum, and its thoracic portion 
as the pleura, the heart being invested by a special serous mem- 
brane, the pericardium. In the cranial and cervical portions of 
the alimentary tract the serosa is not developed. 

A parietal layer, lining the body-cavity, and a visceral 
layer reflected over the viscera, can then be distinguished in 
the peritoneum (Fig. 8, Per, Per^). The region where one passes 
into the other, which is thus primitively double, is called 
the mesentery {Ms), and this serves not oiily to support the 
alimentary canal from the dorsal body-wall, but also to conduct 
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the vessels and nerves passing from the region of the vertebral 
column to the viscera. By far the greater number of the nerves 
arise from the sympathetic system ; cerebral and spinal elements 
are present only in the most anterior and posterior sections of the 
alimentary canal, both of which regions contain striped muscular 
fibres and are under the influence of the will. The mesentery gives 
rise to a large system of folds arising fi-om the inner dorsal surface 
of the body-wall, in which the viscera are enveloped. 

The most anterior section of the primitive alimentary tract 
functions as a respiratoxy cavity as well as a food-passage^ and 
possesses for this purpose a row of apertures, lying one behind 
the other :. round these, certain vessels are developed, by means of 
which a continual interchange of gases can take place between 
the blood and the water passing through the apertures. In short, 
gills are developed (Fig. 171, A). Although these latter are only 
functional in Fishes, Dipnoans, and aquatic (or larval) Amphibians, 
even in the higher Vertebrates, the larger portion of the cavities 
of the mouth and pharynx lying behind the internal nostrils serves 
as a common air- and food-passage until a proper palate is formed 
(Fig. 171, C. D). 

With the formation of a definite palate,^ the primitive mouth- 
cavity becomes divided into an upper respiratory, and a lower 
nutritive portion, or into a nasal, and a secondary or de- 
finitive mouth-cavity. The separation, however, is not a 
complete one, the passage being common to both cavities for a 
certain region (Fig. 171, at f). This region is called the pharynx, 
and in Mammals it is partially separated from the mouth by a 
fibrous and muscular fold, the velum palati, or free edge of the 
soft palate. 

The alimentary canal of all Vertebrates is divided into the 
following principal sections : — Mouth (cavum oris), pharynx, 
gullet (oesophagus), stomach(ventriculus)(notdift'erentiated 
in rare cases only), small intestine (duodenum, jejunum, and 
ileum), and large intestine (colon and rectum). A caecum 
is often present at the junction of the large and small intestine. 
Between the stomach and duodenum as well as between the ileum 
and large intestine there is, as a rule, a marked elevation of the 
muscular coat serving as a sphincter (pyloric and ileo-colic 
valves). There is also a sphincter muscle at the anus. 

The small intestine is always the longest section of the ali- 
mentary tract: the ducts of the liver and pancreas open into 
its anterior portion (duodenum). 

The course of the alimentary canal may be straight or more or 
less coiled ; in the latter case it presents a greater absorptive 
surface. As a general rule, it is longer in herbivorous than in 
carnivorous animals, 

A considerable increase of surface also commonly results from 

* Comp. pp. 75 and 81. 

P 
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Fio. ITl.^DiAoiiAMa 



U 

s Obal CAViTiEa OP A Fish (A), Amphibian (B), 
Rbptilb or Bird (C), and Man (D). 

external noatriU ; C%, internal nostriU ; D, aJimentar; canal ; K, gUl-Blits ; L, 
lung; 7, traclieni ; 0, (EBopliagus: the arrow marked^ indiintea the respirator; 
passage, that marked B the nutritive passage ; t, the point where the two 
passages cross one another. 
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the elevation of the mucous meinbraae to form folds, villi, and 
papilbe. 

A diagram of the human intestinal tract and its appendages 
is given in Fig. 172. All the appendages of the canal arise in the 




E Entire Aliuentahy Tract o 



Mam. 



PiQ. 172-— DiAOBAM 

GU, salivary glanda ; Ph, pharyiii ; Ql.th, thyroid gland ; Ql.thy. thymus gland 
Lg, lung ; Oe, leaophagus ; Z, diaphragm ; Mg, atomach ; Lb, liver ; Pa, pancreaa 
Dd, small intestine ; yic, ileo-colic valve ; Pit, vermiform procesB of e«enm 
Ca, ascending colon ; C(, transvrrse colon ; Cd, descending colon ; R, rectum 



embryo as outgrowths from the hypoblast, and are thus of epithelial 
origin : they either remain throughout life as glandular organs, or at 

p 2 
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aay rate they are formed on the same type as glands (lungs, thyroid, 
thymus). Mesoblastic elements are added to them secondarily. 

Beginning from the mouth the following appendicular organs 
of the alimentary canal may be distinguished : — 

(1) Salivary glands (Fig. 172, Gk). 

(2) Mucous glands. 

(3) The thyroid gland {Glth), 

(4) The thymus gland (OLthy). 

(5) The lungs (pulmones) (air-bladder) (Zg). 

(6) The liver (Lb). 

(7) The pancreas (Fa), 

To these may be added the gastric and intestinal glands 
(peptic glands, glands of Lieberkuhn, &c.), which are embedded in 
the wall of the gut. 

I. MOUTH.^ 

InAmphioxus the entrance to the mouth is provided with 
cirrhi, and inCyclostomesitis surrounded by a ring of cartilage : 
all other Vertebrates are provided with Jaws. 

Definite lips provided with muscles first appear in Mammals,^ 
and are most strongly developed in Monkeys, especially Anthropoids : 
the space between them and the jaws is spoken of as the 
vestibulum oris. This may become extended on either side 
to form cheek-pouches, which serve as food reservoirs (many 
Monkeys and Rodents). 

The organs of the oral cavity may be divided into three 
groups, viz. the teeth^ the glands^ and the tongue. 



Teeth. 

Both epiblast and mesoblast take part in the formation of the 
teeth. The epithelium of the mouth grows inwards so as to give 
rise to the so-called enamel-organ, which meets with dome- 
shaped elevations of the underlying connective-tissue, the tooth- 
germs or tooth-papillae. Both these tissues come into the 
closest relations with one another, and, by very complicated pro- 
cesses of differentiation, give rise to the different substances of 
which the teeth are composed. These substances are, the enamel, 
dentine (ivory), which is permeated by a fine system of canals, 
and cement (Fig. 173, ZS, ZB, ZC). 

^ The mouth of the Lamprey serves as a suctorial organ for attaching the animal 
to foreign objects. The larvfe of Lepidosteus and Anura are temporarily provided 
with suctorial organs. 

^ An exception is seen, however, in Dipnoi, the lips of which are provided with 
well-developad muscles. 
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The root of the tooth embedded in the gums is provided at its 
lower end with a small opening, and this letids into the pulp- 
cavity {Fig. 173, PH'-, PR). Into its interior, vessels and nerves 
extend. 



Fifi. 173.— SBMintACRAMKATic Figuhe or a Losgititbisai. Sectios Tnnouf.H a 

Tooth, 

ZS, onrnnel ; ZB, dentine (ivory) ; ZC, cement ; PH\ aperture of the 

pulp-cavity {PH). 

While in Vertebrates below Mammals a succession of teeth 
takes place throughout life, in the latter group this as a rule 
occurs only once, that is, the first or so-called milk dentition is 
only replaced once by a second stronger and more fully-developed 
permanent dentition. In certain Mammals, such as the 
Cetacea and Edentata (with the exception of Dasypus peba), 
there is no succession, and they are therefore distinguished as 
Monophyodonts from other Mammals, or Diphyodonts. The 
teeth of Edentates are without enamel. 

In Rhinolophus (Cheiroptera), some Rodents, and Sirenia, the milk-teeth 
never cut the gum, and become entirely absorbed before birth. In Rodents 
various conditions of the milk dentition are seen : in the Rabbit thev oor- 
respood in number with their successors,' though the incisors disappear Ijefore 
birth, the outer upper and the lower one being quite rudimentary. In others, 
and in some Insectivores, no milk teeth at all are known : the Hedgehog has 
a complete milk dentition, while no milk-t«eth are known in the Shrew. In 
Marsupials and Ouinea-pigs only one milk molar is present. All these facts 
indicate that a gradual reduction of the milk dentition is taking place. 

In those cases where the teeth are similar in foim throughout, 
as, for instance, in existing toothed Whales, we have a homodont 
asopposed toaheterodont dentition. In the latter case the teeth 

' Xhat is, with the inctaora and premolnrs of the adult. 
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become differentiated into incisors, canines, and grinders 
(premolars and molars). 

nshes and Amphibia. —The dermal denticles already de- 
scribed in the chapter on the skeleton are stnicturea homologous 
with teeth, for both are developed in a similar manner. In 
Teleostei all the bones hounding the mouth may bear teeth, as 
may also the hyoid and branchial arches (pharyngeal bones). On 
the latter, and also on the paraspbenoid, they are arranged in a 
single series, or in masses ; numerous teeth are also met with on 
the paraspbenoid in certain Urodeles (Fig. 174). In general, 
however, there is in Amphibia a considerable diminution in tbe 
number of teeth as compared with those of Fishes ; and at the 
same time a much more uniform character is noticeable in their 
form throughout.^ 

In Amphibia they are enlarged conically below, and rest on a 
definite base, while above they become narrower, and slightly 
curved, and end either in a double (Myctodera, Anura), or a single 



Fin. 174.— Skull o 

apex (Perennibranchiata, Derotremata, Gymnophiona) ; the latter 
is the more primitive condition. The teeth lie deeply embedded 
in the mucous membrane, and are present, as a rule, on the pre- 
mazilla, maxilla, and mandible, as well as on the vomer and palatine, 
hut rarely on the paraspbenoid ; in tbe larvie of Salamanders and 
in Proteus the splenial of the lower jaw ia also toothed. Horny 
jaws and horny teeth are present in larval Anura.* 

' Tn Fishes the teeth may be cylindrical, coDical, or hooked ; or id some ca«es 
(ScarDB, and the Sarginffi) they may be chisel-shnped, TeaemblinK the incUorB of 
Mammals, and working together lilie sciesoi's ; in others they give nae to a definite 
narement, are roucded In form, and serve to crush tbe food. Aeaio, they msy be 
delicate nnd brietle-shaped (Chfetodon), or sahre-ahaped (Chauliodus). 

' The homy stnicturea ou the upper jaw in young stages of Polypterua, in the 
mouth of Cyclostonii, on the jaws of Siren lacertina, and on the lipa of Dipnoi, belong 
to the tame category aa these. 
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ReptlUa. — Corresponding with the great firmness and solidity 

of the skull in Reptiles, the dentition is usually strongly developed, 
and occasionally at the same time it is more highly diiferentiated 
than in Amphibians, The teeth are either situated upon a ledge 
on the inner side of the lower jaw, with which they become fused 
basally (pleurodont dentition, — Skinks, Amphisbtenians, and 
others), or they lie on the free upper border of the jaw (acrodont 
dentition), or finally, as in Crocodiles and numerous fossil Reptiles, 
they are lodged in alveoli (thecodont dentition) (comp. Fig. 175, 
A, a, h, c). Both upper and lower jaws, and occasionally the 
palate also, are toothed ; the teeth have a single apex, except in 
Lizards, in which the apex is double.^ In many Reptiles, however 
(e.g. Hatteria, Uromastix spinipes, Agamse, and numerous fossil 
forma, especially those of the Trias of South Africa), a heterodont 
dentition, consisting of incisor- canine- and molar-like teeth, is 
already seen. 





Kio. 176. — A, DiACBAMS OF Tranbteksb Sections THKorcH the Jaws of Reptiles, 

SHOWIKO PLETJBODONT (a), ACHODONT (6), AND THECODONT (c) DESTITIONP. 

B, a, Lower Jaw of Zootoca viuipara ; b, or Ang^iia fragilu. (After Lejdig. ) 

The dentition of poisonous snakes deserves special 
attention, for in them a varying number of maxillary tetith are 
differentiated to form poison-fangs. Thus in the common Viper 
(PeHas berus and P. prester) there are on each side nine poison- 
fangs arranged in transverse rows; the stronger ones project freely, 
while the lesser, reserve teeth, lie within the gum (Fig, 176, A) ; 
only one of these teeth, however, is firmly fixed to the maxilla at a 
time. Each fang is perforated by a poison-canal, which is in- 
completely surrounded by the pulp-cavity, the latter having the 
form of a half-ring in transverse section (Fig. 176, B, C, GC, PH) : 
the duct of the poison-gland passes into an aperture at the base 
of the tooth which leads into the poison-canal, and the latter opens 

' A peculiar tooth ie prtaent in the embryos of Lizards, Blindwonna, aod some 
Snakes, It projects constdcrably beyond its neighbours, and lies in the mfdisn line 
of tha lower jaw extending vertically towards the snout, and serving the young as a 
means of breaking through theegg-sheU. 
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at a short distance from the apex of bhe tooth (see the course of 
the arrow in Fig. 176, A). 

Between the ordinary teeth of Snakes Find the poiaon-fangs with cloned 
canalB, there are numerous intermediate foriuB in whicn certain of the teeth are 
simply grooved along their anterior side. A similar condition is also seen in 
the teeth of the lower jaw of a poisonoue Mexican Lizard (Helodermu). 
(Comp. p. 222.) 

Cheloniane, like Birds, are provided with homy sheaths to the jawa in- 
stead of teeth. The presence of teeth in embryos of Trionyx, however, proves 
that this is only a secondary condition. 

The t«eth of the fossil Birds of America (Odontornithes) were either 
situated in definite nIveoU(Ioh thy ornis), or simply in grooves (Hesperornie). 
The premoiiilEe were toothless, and seem to have poasessed a horny beak. 
The smgle-pointed smooth teeth of Archaopteryi were I mm. long, and all of 
similar size and form. Most probably the^ were situated in alveoli. All 
existing Birds, as well as those of the Tertiary and Post-Tertiary strata, are 
toothless. 




A, sknll of Battlcsnake ; B, transverse section through about the middle of the 
poison-fang of V^ipera ammodytes ; C, transverse section through the poison-fang 
of Vipera ammodytei near iia distal end. (B and C after Leydig. ) 
Ot, poiaon-fang ; Rs, reserve fangs ; OC, poison-canal ; PM, pulp-cavity. 

Mammals. — The differentiatioB-ef^the dentition here teaches 
its extreme limit, corresponding with the manner in which the food 
is taken in and masticated. As already mentioned, incisor, 
canine, and grinding teeth (premolars and molars) can 
as a general rule be distinguished. These are all embedded in 
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well-developed alveoli of the jaw-bones, and there are no longer any 
teeth on the roof of the palate. The canine, which is most largely 
developed in Camivora, usually lies in a continuous series with 
the incisors, which are situated in the anterior part of the jaws 
(premaxilla in upper jaw). The premolars follow behind the canine, 
the space usually present between them being called the diastema, 
and then come the molars, which lie mainly in the posterior part of 
the jaw.^ 

The incisors are usually chisel-shaped, while the canines, in 
those cases where they are most largely developed (Camivora), 



Fro. 177. ^Dentition of the Hbdgehoc [Erinaceus eurapceus), (The teeth of 
both jawa frum the aide, and fllose of the upper jaw from below.) 

i, ineisora ; pm, premolsrB ; m, molars. 

possess a pointed, conical form, and are more or less curved. The 
form of the premolar and molar teeth may be derived from that 
of the incisors and canines ; originally two lateral and a median 
cutting-edge can be distinguished in all, these edges having become 
gradually metamorphosed phylogenetically for mastication in the 
case of the grinding teeth. In the course of further development 
the whole grinding surface becomes reduced to the same level, 
and appears more or less flattened or tubercular. 

In describing the teeth of a Mammal it is convenient to make use of a 
dental formula in which their number and arrangement can be seen at a 
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Flu. ITS.— Dbntitioh of the Doo {Cania/amiliaria). 
i, incisors ; c, canines ; pm, premolare ; m, molnrs. 




Fio. 178.— Dentition of the Pobcdpine {Hystrix Mrmtirottris). 
la before. 




Fio. 181.— Dentition or a Cataerhinb Momkby {Ifasalii Janaitu). 
References as before. 
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glance. Thus the dental formula of those animals the teeth of which are 
represented in Figs. 177 to 181, would be — 

Fig. 177. Hedgehog, ?. J, c, %pni, |, w. |. 
„ 1^8. Dog, i. I, c. ^, pm, ^, m. |. 
„ 179. Porcupine, i. }, c. J, m. J. 
„ 180. Sheep, t. g, c. ^, 2?w. §, m. |. 
„ 181. Catarrhine Monkey, i. f , c. J, jjtw. |, w. |. 

The variations in the dentition of the different groups of Mammals are so 
exceedingly numerous that it is impossible to describe them in detail here, 
and only the following points will be briefly remarked upon.^ 

The essential arrangement of 'the teeth is such that tnere is an alternation 
between those of the upper and lower jaw ; thus the teeth of one jaw do not 
correspond in position with those of the other, but with the interspaces 
between them. 

A consideration of the rudimentary, functionless teeth which are commonly 
present renders it probable that in the course of genealogical development the 
teeth have undergone a decrease in number.^ An increase in number, on the 
other hand, must be always considered as an atavism. 

Finally, attention must be called to the commonly-existing sexual differ- 
ences in dentition, as, for instance, in the Wild Boar, in the Narwhal 
(Monodon),in the Dugong (Halicore), and in the Musk-deer. In the males 
of these animals a modification of certain of the teeth (usually the canines) to 
form tusks occurs, and these serve as fighting weapons. In the Elephant and 
Walrus tusks are present in both sexes : in the former they correspond to 
incisors, and in the latter to canines. 



Glands of the Mouth. 

The glands of the mouth, like those of the orbit and integument, 
appear first in terrestrial animals, that is, from Amphibians on- 
wards. They have the function of keeping moist the mucous 
membrane which comes into contact with the outer air. From 
being at first almost entirely unspecialised, and giving rise simply 
to a slimy fluid, they become differentiated later into structures the 
secretions of which take on a very important relation to digestion ; 
they may also, as in the case of poisonous Snakes and Lizards, 
constitute dangerous weapons of offence. 

With their gradually increasing physiological importance a 
greater morphological complication both in number and arrange- 
ment takes place. Their histological character also becomes 
changed in such a manner that the three ordinary forms of glands, 
i,e, tubular, compound-tubular, and acinous, may be 
recognised. 

In the lower Vertebrata the two first forms preponderate, and 

^ These variations not only consist in the various positions and forms of the 
teeth, but also in the typical arrangement of the enamel on the crowns. Thus in the 
non-Ruminant Bunodontia the molars are tubercular, while in the Ruminant 
Selenodontia the surface of the grinders is made up of crescent-shaped elevations. 

^ The last molar of Man,5Dr so-called " wisdom-tooth," seems to be gradually dis- 
appearing. It appears last and is lost first, and often does not reach the grinding 
surface. 



J 
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the glands are mostly arranged in groups; in the higher types, on 
the contrary, the last- mentioned form, which is considerably higher 
from a developmental point of view, is the more usual. 

Amphibia. — With the exception of the PereuniKranch iata, 
Derotremata, and Gymnophioiia, a tubular gland becomes 
developed in aU Amphibia from the anterior portion of the roof of 
the mouth (comp. Fig. 144, ID), the main mass of which lies, in 
Urodeles, in the cavity of the nasal septum or premaxilla 
(intermaxillary or internaaal gland). 

In Auura its position is more anterior than in Urodeles, and 
it is more largely developed ; but iu both cases the ducts open on 
to the anterior part of the palate. In Anura there is a second 
gland (pharyngeal gland) present in the region of the internal 
nostrils, the secretion of which passes partly into the latter and 
partly into the pharynx. 

Numerous gland-tubes are also present in the tongue of 
Amphibia^ 

BeptUea. — The mouth-glands in Reptiha show an advance on 
those of Amphibia, inasmuch as they are separated into groups. 
Thus not only is there a palatine gland, homologous with the in- 
termaxillary gland, but lingual and sublingual, as well as upper 
and lower labial glands are present. Chameleons and Snakes 



Fio. 182. — The Poison- Appakatus op the Kattlbsnakb. 



S, the fibrous poiaon-sac, which is Boirounded bj the constrictor-muscle, Mc ; at M^ 
an extension of the latter towards the lower jaw can be seen ; Qc, the dnct 
arising from the poisoD-^laad, which passes into the poison-Eang at t ; the latter 
isembedded in alarge sac of the macous membrane, ^; £>n, masticatoiy muscles, . 
some of which are seen cut through at * ; posterior to this the cut edge of the 
scaly iategnment ia seen ; N, external nostril ; A, eye displaced towards the 
antero'dorsal aspect ; i, tougae ; za, aperture of the poison-fang. 

are distinguished by a remarkable richness in glands, which become 
roost specialised into definite groups in the latter. In poisonous 
Snakes the poison-gland (glaudula venenata) becomes 
differentiated from a portion of the labial gland in the upper 
lip. It is enclosed in a strong fibrous sheath, and is acted upon 
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by powerful muscles, so that its secretion can be poured with 
great force into the duct (Fig. 182, Gc)y and thence into the 
poison-fang (t). 

The sublingual gland of a Mexican Lizard, Heloderma, has a somewhat 
similar poisonous nature. Its secretion passes out through four ducts, which 
perforate the bones of the lower jaw in front of the grooved teeth. 

In marine Chelonians and Crocodiles there are no large glands united 
into groups connected with the mouth. 

Birds. — In Birds, and more especially in climbing Birds 
(Scansores), well-developed lingual glands are present, opening 
on the floor of the mouth. There is no doubt that they are 
homologous with those of Lizards, and they probably correspond 
with the posterior upper labial gland which opens into the angle of 
the mouth, that is, to the poisoa-gland of Snakes. The palatine 
glands of Birds have also their homologues in Reptiles. 

Mammals. — Three glands may be distinguished in connectiou 
with the mouth in Mammals, which are called, according to their 
position: (1) parotid, (2) submaxillary, and (3) sublingual 
(Fig. 172, Ols). Each opens by means of a well-defined duct (ducts 
of Steno, Wharton, and Bartholini respectively) into the 
mouth. The former corresponds to the gland opening into the 
angle of the mouth in Birds, and consequently also to the poison- 
gland of Snakes. As the last-mentioned is to be looked upon 
as a differentiation of labial glands, the same origin must be 
supposed for the parotid, — and this is confirmed by a study of its 
development. 

The fact that both the other salivary glands are homologous 
with the sublinguals of lower Vertebrates needs no special proof, 
and the numerous mucous glands lying at the sides of the tongue 
and opening into the mouth come under the same category. 

Concerning the tonsils of Mammals, which lie at the junction of the 
mouth and pharynx, compare pp. 239 and 293. 



Tongue. 

In Fishes and Dipnoi the tongue is, as a rule, rudimentary, 
usually consisting simply of a covering of mucous membrane ex- 
tending over the basal part of the hyoid, which in all the higher 
Vertebrates serves as the main point of origin for the tongue- 
muscles. The tongue is not capable of movement apart from the 
visceral skeleton in Fishes, and, except in Cyclostomes (where it has 
to do with the suctorial apparatus), is wanting in a proper muscula- 
ture ; it is covered with papillae, and serves only as a tactile organ, 
or, when covered with teeth, as a prehensile organ also. 

In the Perennibranchiata it remains in a similar condi- 
tion to that seen ia Fishes, but in all other Amphibia except 
the Aglossa (Pipa and Dactylethra) it reaches a higher stage 
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and becomes larger in size by the development of definite 
muscles in connection with it. Its mobility varies greatly in the 
diflferent groups of Amphibia in accordance with the manner 
in which it is fixed to the floor of the mouth. It is usually 
attached only by the anterior end or by a portion of its ventral 
surface ; in other cases it is free all round, and in Spelerpes 
(Fig. 183) is capable of being extended far out of the mouth by 
means of a complicated mechanism. 




Fig. 183. — Head of Jilpelerpea fuscuSy with the Tongue extended. 

In most Reptiles and Birds the tongue is freely moveable, 
but its form and relative size varies greatly in the different families 
(see Fig. 184, A to D). It is least mobile in Chelonians and 
Crocodiles : ^ in Chameleons, on the other hand, it is very long and 
protrusible. 

The tongue of Birds which is usually poorly provided with 
muscles, may be looked upon as having been derived from a 
similar form to that of Lizards, and its shape as a rule corresponds 
more or less to the form of the beak. It possesses a homy cover- 
ing, usually provided with papillae and pointed recurved processes ; 
as in many Reptiles, it may be split up at its distal end, being 
either bifurcated (Colibris) or having a brush-like form. In Wood- 
peckers (the extraordinarily developed epibranchials of which have 
already been mentioned in the chapter on the skull), the tongue 
may be thrown far out from the mouth by means of a complicated 
system of muscles, and it thus serves as a prehensile organ; in 
this Bird and in the Duck it is richly provided with Pacinian 
corpuscles. The tongue is largest in predatory Birds (Rapaces) 
and Parrots, but its size is here not due so much to the special 
development of muscles .as to the presence of fat, vessels, and 
glands. 

The tongue reaches its most complete development in Mammals, 
and, as elsewhere, undergoes the most various modifications as 
regards size, mobility, and function, according to the method of 
taking in food. It is as a rule flat, and rounded anteriorly, having 
a band-like form, and being extensile. A fold, the so-called sub- 
lingua (plica fimbriata and mediana), is preseirt on its lower 
surface. This represents a primitive organ which must be regarded 
as the predecessor of the structure which we now speak of as the 
tongue. 

In spite of the various functional modifications of the tongue 

^ The relative importance and degree of development of the tongue does not run 
parallel with the systematic position of the animaL 
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Fio. 184. — A, Tongue, Hyoid Apparatus, and Bronchi op a Gecko {Phyllo- 
dactglua europams) ; B, Tonove of Lai»rta; C, of Monitor inditnts; D, of 
Emya europwa. 

Z, tonpie ; ZK, body of hyoid ; Vff and SB, anterior and posterior cornna of hyoid ; 
X, larjnit ; I'h, thyroid gland ; T, trachea ; S, bronchi ; Lg, long ; If, man- 
dible ; L, glottis ; ZS, aheath of tongue. 
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in Mammals, it is very uniform both as regards the extrinsic 
muscles and their attachment to the hyoid and lower jaw, and the 
arrangei^ent of the intrinsic muscles. Only in such forms as 
Myrmecophaga and Dasypus do the intrinsic muscles show a 
peculiar character: in them a tendinous investment is present 
lying under the mucosa, and this serves as a point of attach- 
ment for all the transverse and vertical muscles. 

In many Mammals {e,g, Camivora, Insectivora) a peculiar struc- 
ture, the lytta ("worm"), is present, lying within the longitudinal 
axis of the tongue. It is partly fibrous and partly muscular, and its 
thread-like posterior end is connected with the body of the hyoid. 
Its pbylogenetic meaning is not yet clear, and it can only be said 
that it functions as a point of origin and insertion for the intrinsic 
muscles of the tongue. 

In Man the tongue has a double origin, arising firstly from an unpaired 
protuberance — ^the tuberculum Impar (His) — lying on the floor of the 
mouth of the embryo, and secondly from the swellings of the second and 
third visceral arches, which meet together in the middle line. In this manner, 
a part of the floot of the primary mouth becomes bridged over, forming a 
narrow depression, covered by the root of the tongue. This depression 
becomes further isolated by the approximation and union of the body of the 
tongue — which arises from the above-mentioned tuberculum impar — to the 
tongue-root, which is formed from the visceral swellings. From the cavity 
thus shut off a double epithelial vesicle is formed, — the median thyroid 
rudiment. This remains for a time in free communication with the cavity 
of the mouth by a duct, the ductus thyreoglossus, which passes to the 
surface of the tongue along the region where the body and root of the tongue 
become later united. The foramen caecum, which can be occasionally traced 
in the adult human subject into the substance of the tongue for 2 J centimetres 
or more, is the last remnant of this ductus thyreoglossus. From the median 
thyroid rudiment the middle lobe of the thyroid arises later, and this com- 
monly extends forwards (upwards) as a " comu medium " and sometimes also 
as a hollow duct. Now and then this duct may become constricted into 
definite vesicles "^rom two to four), which are known as bursa suprahyoidea, 
bursa prehyoidea, &c All these are remains of the ductus thyreoglossus. The 
lateral thyroid rudiments of Man arise by the lower part of the 
primary floor of the pharynx, lying near the glottis, becoming separated off 
from the main cavity, and thus forming an independent structure lying 
laterally to the larynx. The lateral and median rudiments of the thyroid 
later become approximated. 



Thyroid Gland. 

The thryoid gland arises in all Vertebrates as one or more 
diverticula of the ventral wall of the pharynx or floor of the 
mouth. In Ammocoetes the single diverticulum remains in com- 
munication with the pharynx, and a similar condition of things 
is seen in Ascidians and Amphioxus ; it thus appears probable 
that we have to do here with a very ancient glandular organ, the 
secretory function of which in relation to the alimentary canal was 
of great importance in the ancestors of existing Vertebrates. 

In all the higher Vertebrates this organ always becomes 

Q 
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constricted off from the phaxynx in the course of development, 
and the communication between them is once for all abolished. 
(Comp. also small print on p. 225.) As a rule it shows a paired 
arrangement, and lies right and left of the median line. Internally 
it consists of closed glandular vesicles, surrounded by a capillary 
network, or cylindrical branched tubes may be present (Mammals). 
The whole is lobulated in structure, and is characterised, 
particularly in Mammals, by a great wealth of blood-vessels. It 
seems very probable that this organ, which is in many respects 
rudimentary, has undergone a gradual change of function in the 
course of phylogenetic development, but as yet it is impossible to 
explain in what its function consists. As regards position, it either 
remains throughout life in its locus nascendi on the floor of the 
mouth, as in Fishes and Amphibia, or it extends a varying 
distance backwards. In Birds, for instance, it lies on the origin 
of the carotid artery (Fig. 185, Tr)} 

The development of the thyroid has been studied most completely in the 
Fowl and in Mammals. In the former, the organ arises as an unpaired hollow 
vesicle in the median ventral line of the neck. Later, this becomes solid, 
and then divided into two halves, which gradually separate from one another 
until eventually they reach the position they occupy in the adult. 

Amongst Mammals the development of this organ is best known in the Pig. 
Here the so-called middle lobe or isthmus arises as an outgrowth of the 
mucous membrane of the floor of the mouth on the level of the second 
branchial arch. The lateral lobes arise in the region of the third branchial 
cleft. The different lobes become united later on (comp. also small print at 
end of section on the tongue). 



Th3nnu8 Gland. 

The thymus gland arises on either side from the mucous 
membrane of the pharynx, as a proliferation of the epithelium 
of the gill-clefts. It is impossible to state with certainty whe- 
ther it was originally a glandular, that is, a secretory orgaii, or 
whether it consists of material that was at one time designed 
for the formation of gill-filaments. Certain discoveries in 
Elasmobranch embryos seem to point to the latter view. In 
them the organ has a segmental arrangement corresponding to the 
number of gill-clefts, and in Gymnophiona indications of a 
similar arrangement are to be seen. 

According to His, the thymus of Man does not arise from the inner or 
hypoblastic epithelium of the pharynx, that is, of the visceral clefts, but 
from the epithelial (epiblastic) covering of the fourth, third, and partly also 



^ According to A. Dohm the hyoid arch corresponds genetically to two arches, 
the first giving rise to the hyomandibular, and the second to the hyoid arch proper, 
and the thyroid represents the remnant of a lost gill-cleft between the hyomandibular 
and hyoid. Dohrn supports this by the relations of the thyroid to the vascular 
system ; the thyroid artery arises like a true branchial vessel from the hyoid artery. 
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of the second viaceral clefts, which extends inwarda from the inlegiunent, as well 
M from the covering of the corresponding visceral swellings. All these parts 



Fig. 185. — Thymos and Thyroid or a Yopmo Stork. 
T, trachea ; B, bronchi ; Oe, oaaoplifigna ; ff, heart ; Tm, thymus ; Tr, thyroid. 

nre gradually withdrawn inwards and separated from the surface at the 
boundary between head and neck.' 

' His states that in human embryos the gill-clefts never become Jtexforated, but 
simply blind slits are formed from both epmlast and hypoblast. The same holds 
good also for the tympano-Eostachiau passage. 
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In post-embryonic time the organ always shows a lymphoid 
structure, and, on account of its richness in white blood-coi'puscles, 
certainly has important physiological relations to the organism as a 
whole. This is probably especially the case in Mammals, as it 
here attains a large development, extending in the embryo back- 
wards from the region of the larynx above the sternum as far as 
the diaphragm. Later it undergoes a retrogressive metamorphosis, 
and finally becomes more or less completely obliterated, though it 
persists for a considerable time in Man, often for many years after 
birth. In all other Vertebrates it persists throughout life, and lies 
as a lobulated or cord-like organ in the anterior or lateral region 
of the neck; thus in bony Fishes, for instance, it is situated 
behind the gills in the neighbourhood of the fibrous band which 
connects the gill-cover with the pectoral arch, and in Amphibians 
it lies behind and above the articulation of the lower jaw (comp. 
also Fig. 185, Tm). 



II. (ESOPHAGUS, STOMACH, AND INTESTINE. 

Fishes and Amphibia. — While in Amphioxus a widened 
section of the alimentary canal is probably to be looked upon as a 
sort of stomach, in Cyclostomi, Dipnoi, Chimserae, certain 
Teleosteans, and many branchiate Amphibians, a stomach is 
not plainly marked oflF from the rest of the gut, which usually has 
a more or less straight course. In this case the only externally 
visible boundary between the stomach and intestine is, as already 
mentioned, the point where the bile-duct (ductus choledochus) 
perforates the wall of the latter. In other Fishes, as, for instance, 
in Squalidae, all Ganoidei, numerous Teleostei, as well as in 
theDerotremata, Myctodera, and An ur a, the stomach appears 
more or less dilated and sac-like ; it may also be curved on itself, 
so that one can distinguish between a part running backwards 
(descending portion) (Fig. 186, M), and another extending forwards 
(ascending portion), the two lying parallel to one another (FB). In 
general, it becomes adapted to the form of the body : — thus Rays and 
Anurans possess a far wider stomach than do most other Fishes and 
Amphibians (cp. Figs. 189 and 190) — and this rule holds good also for 
Reptiles. The stomach of Teleosteans varies considerably in form. 

The oesophagus is short, and usually not distinctly marked 
oflf from the stomach, though exceptions to this often occur, as. 
for instance, in many Teleostei, and in Siren lacertina amongst 
the Amphibia (Fig. 189, Oe). 

A longitudinal fold extending into the lumen of the intestine, 
the first traces of which are seen in Ammocoetes, is to be looked 
upon as a structure designed for increasing the digestive surface : 
this is also present inElasmobranchs^ Dipnoi, and Ganoidei, 



(ESOPHAGUS, STOMACH, AND INTESTINE. 229" 

in which it has a spiral form, and is therefore called the spiral 
valve. Iq the last-nanied Fishes, it begins to undei^o degeneration 
(Fig, 187, sp.v), and ia no loiter met with in other Vertebrates.' 

The pyloric ceeca (appendices pyloricse), which are charac- 
teristic of the intestine of many Fishes, belong to the same physio- 
logical category as the above. They are met with in Ganoids 
and numerous Teleosteans, and consist of longer or shorter finger- 
shaped processes of the small intestine, which are situated posteriorly 



Pio. 188. — Imtebtinal Tract of a Shakk. 
H, heart ; Pe, pericardiQia cat throngli ; &e, einue Tenotins ; I, L, the two lobes of the 
liver, oeparated from one another eo that the atoioitch (if), with its pyloric tube 
(PS), and the t^ou of the pjlonia (J*) are rieible ; iiD, small intestine, in^whieh 
the epirel voire lies ; ED, large intestine ; Qap, rectal gland ; A T, cloacal 
pockets ; Fa, Pa, abdominal porea ; P%, pancreae. 

to the pylorus in the region of the bile-duct (Figs. 187, c, and 188, 
Af). Their number varies from 1 (Polypterus and Ammodytes) 
to 191 (Scomber acombrus). The pyloric ceeca and the spiral valve 
seem to be developed in inverse proportion to one another, for, 
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to a certain extent, the more one is developed, the less important 
is the other. 



Fig. 187. — Auuehtaby Vibcera and Air-Bladdbr of Lepidoateat, intUit. 
(After Balfour and Parker.) 
a, anUE ; a.1, air-blndder ; 0.6', ila aperture into the tliroat ; i.rfi, aperture of bile- 
duct into intestine ; e, pyloric oeca ; g.b, gall-btodder ; hp.d, hepatic duct ; Ir, 
liver ; py, pyloric valve ; t, spleen ; sp.v, Bpiral valve ; it, Btomach. 

In the narrow-bodied Gymnophiona, the intestine ia only 
slightly coiled, while in Amira it becomes considerably folded 
on itself. Its form in Salamanders is about mid-way between 
these two extremes. 
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With the exceptioQ of the Cyclostomi, Holocephali, Gauoidei.aiid 
Teleostei, in which there is a sep&rate anus, the large intestine of 
all other Fishes, and of Dipnoi and Amphibia, opens into a cloaca, 
common to it and to the urinogenital ducts. The laige intestine 
takes a straight course, and in Amphibia, as well as to some extent 
in certain Ganoids and Teleosteans, is plainly marked off from 



Fig. 188. — 1NTE8T1KAL Teact of Pbech. 

-a of latter ; P, F, short pyloric repon ; 



the small intestine : in some cases it is considerably swollen, 
even exceeding the stomach in capacity (Fig. 190, R). An out- 
growth of the ventral wall of the cloaca in Amphibia gives 
rise to the nrinary bladder, and represents the rudiment of 
the allantois. 

R«ptUeB. — CorrespondiDg with the more definitely differen- 
tiated neck, we find that Heptiles have a longer cesophagus than 
the animals as yet considered, and this is always plainly marked 
off from the much wider stomach, which is usually sac-like, or 
bent upon itself, when it lies transversely (Chelonians).^ The 
stomach of Crocodiles is more specialised than that of other 
Beptiles, and approaches that of Birds in structure. 

Snakes, Snake-like Lizards, and Amphisbfeniane pos- 
sess a narrow, spindle-shaped stomach which lies in the long axis 
of the body ; in correspondence with the large size of the masses of 
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food, which are swallowed whole, it is capable of great distension. 
In these forms the intestine is only sUghtly coiled ; in Lizards the 



Fia. 189. Fig. 190. 

Fio. 18S.— Intestinal Tract of Siren Uuertina. 
Oe, {Bsophagua, marked oft from 'Cb.e stomach (Jf ) bf a constriction, t ; 



legion ; MD, small 



£D, large inteatiiie. 



Fio. 190. — Imtblbiinal Tkact or Sana eseulenia. 
. „ ; M, stomach ; Py, pyloric region ; Du, duodenum ; D, ileora : t, 
boundary between the latter and the l&rge intestine (if) ; A, opening of the 
rectum into the cloacii {CI) ; Hb, nrinary bladdei ; Mz, spleen. 

coils are more marked, ajid in the other forms, with broad bodies, 
the folding is carried still further. 
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The large intestine has a straight course, is often consider- 
ably swollen, and opens into a cloaca. An account of the allan- 
tois of the Amniota will be found in a subsequent chapter 
(jp. 273). 

From the Reptilia onwards a process (generally asymmetrical) 
of the anterior portion of the large intestine is usually formed, 
giving rise to a cscum or blind-gut. 

The function of the bursae an ales of Chelonia, which consist of paired 
caecal outgrowths of the cloacal wall, is not understood. 

Birds. — In correspondence with the kind of nutriment, the 
mode of life, and the absence of teeth, a division of labour occurs 
in the stomach of Birds, which, instead of remaining simple, 
generally becomes divided into two portions, an anterior and a 




'i I^Jf 



MD 



::^\-'MM 



Fig. 191. — Diagbam of the (Esophagus and Stomach of a Bird. 

Oe^ Oe^, oesophagus ; Ig^ crop ; 2>Jf, glandular stomach ; MM^ muscular stomach ; 

MD^ duodenum. 



posterior. The former (Fig. 191, DM), which, on account of its 
richness in glands, is called the glandular stomach (proventri- 
cuius), alone takes part in dissolving the food; while the latter 
(Fig. 191, MM\ which is lined by a horny layer consisting of a 
hardened glandular secretion, has simply a mechanical function, in 
correlation with which a very thick muscular wall provided with 
two tendinous disks is developed. 

The latter portion is for this reason spoken of as the muscular 
stomach, or gizzard, and the degree of its development stands 
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in direct proportion to the consistency of the food. In gramini- 
vorous Birds we find the strongest muscular layer and the thickest 
horny lining, while in the series of insectivorous Birds, up to the 
Birds of prey, this condition becomes gradually less marked, and 
the division of labour is less noticeable. Thus in the series of 
existing Birds we can see the line along which the differentiation 
of the organ has taken place phylogenetically. 

Finally the dilatation of the gullet of Birds, which is known 
as the crop (ingluvies), must be mentioned (Fig. 191, Ig), A 
false crop serving only as a food reservoir, and entirely wanting 
in glands, and a true crop, rich in glands, which have a chemical 
function, can be distinguished. The former is seen, e.g.y in many 
Ducks, in the Cassowary, Haliseus, and Otis, and the latter in 
Rasores, Columbidse, and others. The small intestine is 
usually of a considerable length, and becomes folded on itself to 
a greater or less degree ; it varies, however, both in form, length, 
and diameter. At about the middle of its extent there is a small 
caecum-like structure, the remains of the vitello-intestinal duct, 
or diverticulum caecum. 

The straight large intestine opens into a cloaca, and varies 
as to, its relative diameter. The caecum is usually paired, and 
may reach an enormous length (Lamellirostres, Rasores, 
Ratitae). All kinds of intermediate stages between this and an 
entire absence of a caecum are to be met with. 

In those cases where the caecum is largely developed, it has 
an important relation to digestion, as an increase of surface of the 
mucous membrane is thus effected ; this increase may even be 
carried further by each caBcum being provided with a spiral fold 
consisting of numerous turns, as in the Ostrich. 

The so-called bursa Fabricii is a structure peculiar to Birds. 
It arises as a small solid epithelial structure, which later becomes 
excavated to form a vesicle, and lies freely in the pelvic cavity 
between the vertebral column and the posterior portion of the 
intestine ; it extends to the outer section of the cloaca, into 
which it opens, posteriorly to the urinogenital ducts. It is 
probably present in all Birds, but becomes atrophied more or 
less completely in the adult; its physiological function is quite 
unknown. 

Mammals. — The oesophagus, like that of Birds, is sharply 
marked off* from the stomach, and is differentiated at its proximal 
end to form a pharynx, which is regulated by strong muscles. 

Under the influence of the food the stomach here undergoes 
much more numerous modifications than are met with in any other 
Vertebrate class. As a rule it takes a more or less transverse 
position and has a sac-like form, the portion into which the oeso- 
phagus opens being called the cardiac, and the part between 
this and the duodenum the pyloric portion. 
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FiC. 193.— DlFFEBEKT FOEUS OF MAMIIAUAN ST0UACH3. 

Dog. B, MiK dcoamaivaa. C, Mtia miucul'us. D, Weasel. E, diagram of the 
Rum in A nt stomach, the arrow ahowingtJie direction which the food takes ;i2,J{, 
lumen and leticnlniD ; 0, psalterium ; A, abomBsum. F, human atotnach 
inTerted and prepared to show the muscles, a, b, c, on the inner aide. G, ato- 
mach of Camel ; R, K, rumen and reticulum ; A, abomasum ; WZ, wttt«r cell* 
H, Btomach of Echidna hystrix ; Cmi, leaser curTature ; Ciaa, greater curvature. 
I, Btomach of Bradypu^ tridactylvs ; tt, the portion corresponding to the rumen ; 
t, that coiTe^nding to the reticulum of the Ruminant's stomach ; the formeris 
produced to form a cecal prooesi at MB ,■ **, ponchea of the {Inodenum. Oe, 
osaoph^na ; P, pjlonu ; ,Si:, cnrdiac aac ; Sp, pyloric sac ; Ca, cai-dia. 

(Fig. GafUrGegeabaur.) _ - 
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Herbivorous Mammals, as a rule, possess a larger and more 
complicated stomach than do Carnivorous Mammals (comp. Fig. 
192, A to G),^ and it may become divided into two or more chambers. 
Thus in Ruminants (Fig. 192, E) there are four chambers, which 
are called respectively, rumen (paunch), reticulum, psal- 
terium,^ and abomasum. The two first simply serve as storage 
cavities, the food returning from them into the mouth, once more 
to undergo mastication. It then passes into the psalterium, and 
finally into the abomasum, the latter alone being provided with 
rennet (gastric) glands, and serving as the true digestive stomach. 
(The dotted arrow in Fig. 192, E, shows the course which the food 
takes.) 

The small intestine is usually long, and varies more as to length 
and diameter in domesticated than in wild forms. Commonly, as 
in the human subject, the relative length of the small intestine 
is less in the foetus than in the adult. 

The large intestine, which is made up of a varying number of 
coils, usually reaches a great length in Mammals, and its diameter 
is much greater than that of the small intestine : these two por- 
tions are thus sharply marked off from one another, and the 
distinction between them is rendered still more marked by the 
sacculations of the anterior part of the large intestine. Only the 
posterior portion of the latter, or rectum, which passes into 
the pelvic cavity, corresponds to the large intestine of lower 
Vertebrates; the remaining and far larger part, must be looked 
upon as a neomorph, and is called the colon. In this, further 
subdivisions may often be distinguished, e.g. in Man. 

The caecum, which is almost always present, undergoes the 
most various modifications both as to form and size, according 
to the kind of nutriment. Thus in Carnivora, Odontoceti, 
Insectivora, and Cheiroptera, it is very small or even entirely 
wanting, while in Herbivora, it may exceed the whole body in 
length. An inverse development in size is usually noticeable 
between it and the rest of the large intestine. In many cases 
(many Monkeys, Rodents, and Man) an arrest of a portion of 
the caecum takes place in the course of individual development 
(Fig. 172, Fv\ giving rise to a processus vermiformis. In 
Lepus, the enormous caecum is provided with a spiral valve, and 
in Hyrax, besides a large sacculated caecum at the junction of the 
small and large intestines, there is a pair of large simple conical 
caeca further back. 

Monotremes only amongst Mammals possess a proper cloaca, 

^ In Cetacea and Bradypus (Fig. 192, I) however, the stomach is divided into 
several chambers, and in some Rodents and the Horse a distinct cardiac and a pyloric 
division can be recognised : some Marsupials (e,g. Halmaturos) also possess a com- 
pUcated stomach. In Ungulates numerous forms between a simple and an exceedingly 
complex stomach are to be met with. 

^The psalterium is the latest to be differentiated, both phylo- and ontogeneticaUy. 
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though in Marsupials and some Rodents, the anal and urinogenital 
apertures are Burrounded by a common sphincter. In all the 
others a complete separation between these apertures takes place. 



With the exception of the epithelium of the mouth and anus, 
which is usually stratified, that of the alimentaty canal of Ver- 
tebrates consists primitively, that is, phylogenetically, of 
ciliated cylindrical cells. In some cases this is also true 
ontogenetically, and in Amphioxus and Petromyzon (Ammo- 
ccetes),^ the ciliated epithelium persists throughout life. 

In all other Vertebrates, especially in the higher forms, cilia 
are only seen exceptionally after the embryonic period, so that, 
as a rule, only ordinary cylindrical epithelium is present. 

A striated margin is observable along the free border of the 
epithelial cells turned towards the lumen of the canal ; this is pro- 
bably to be looked upon as the expression of the earlier ciliated 



Fig. 193.— DlAOBAM op the STBCCTCBB op a CtBLBNTEKATB. 

AK, ectoderm ; IK, endodenn ; iW, cells of the endoderm which have thrown oul 
amceboid procesua and ingested food-parlictea ; VD, primary alimentary cavity 
(arehenteron), containiag food-partielea {N) ; V-si,, the primary mouth (blaatii- 

covering, and in the lower Vertebrates it is capable of an active 
amceboid movement (Fig, 194, B), In this active participation of 
the cells in the process of absorption, we recognise an old inherit- 
ance from Invertebrates : in this connection the reader is referred 
to Fig. 193, which represents diagrammatically the structure of 
a Ctelenterate, in which the endoderm-cells lining the primitive 
alimentary cavity, or arehenteron (PZ*), are directly concerned 
with the taking in of nutritive particles by means of pseudopodia 
(JV) [intracellular digestion]. These endoderm-cells may be com- 
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pared with the epithelial cells, ^'J^, of the intestine of a lower 
vertebrate, in Fig. 194, A, where they are shown putting out 



Fio. 194.— A, Sbmidiaorammatic Transvehbb Section of a Portion of the 
Wall of the Intestine. (Combined team the conditioQ seen in both lower 
and higher Vertebratee. ) 

The connective' tissae lajer and epithelium nre deaieDedly drnwii much too large 
as compand with the outer coats. To the left of the figure woald be the 
body.carity ; to the right, the alimentary cavity. 

P, peritoneal investment of the gat ; M, longitodinBl muacnlar layer ; M\ circular 
mneclllar layer ; Z, connective-tissue layer ; S, mucous membrane, which is 
raised to form villi »i Zo ; Q, O, vessels, the larger tnmka running between the 
peritoneum and the muscular layer : the finer vesseU branch out into the intel'- 
mediate layer ; these surround the masses of lymph-cells, LL, as well as the 
elands, and send fine loops into the villi (at (P) ; DD, apertures of the glanda ; 
E, E, epithelial celle of the mucous membnne, with their atriatfd border, A«m 
which at £' amceboid procesHes are extrnded : in Fig. B, a, b, these cells are 
di'awn to a much larger scale (_Sa. striated border) ; Ly, scattered lymph-cells 
in the intermediate layer ; Z', L', lymph-cells in the act of passing through 
the mucona membrane ; at L', several have already passed into the alimentary 
cavity, and are beginning to ingest the contained nntritive particles by means 
of their amreboid processes ; LL, masses of lymph-cells (solitary follicles) ; 
Lym, lymph -vessels in the villi. 

araceboid processes, and in Fig. 194, B, where the cells a, b, are 
shown drawn to a larger scale. Besides these absorptive epithelial 
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cells, other cells take part in the active ingestion of food, and this 
again is most marked in the lower Vertebrates, more especially in 
Fishes and Dipnoans. These are the lymph-cells (leucocytes, 
which on this account have received the suitable name of phago- 
cytes), which are present in great numbers in the connective-tissue 
of the mucous membrane (Fig. 194, A, Ly), often united into 
definite masses (Z). These cells, which are capable of the most 
complete amoeboid movements, become migratory, force their way 
through the epithelium of the gut (Fig. 194, A, Z\ H), and come 
into contact with the food in the lumen of the intestine (Z^ NN). 
Others of these phagocytes again, seem to take up the nutritious 
particles only after the latter have penetrated through the epithelium 
into the connective-tissue layer. Here they become incorporated 
by the lymph-trunks {Ly7n)y and finally, through metabolism, by 
the whole organism. 

The phagocytes possess the further peculiarity of taking up noxious 
substances or portions of tissues which have undergone retrogressive meta- 
morphosis, wherever they may occur in the body, thus rendering them 
innocuous. They thus exercise a kind of superintendence over the body, 
acting as a sort of police force. This function is seen most plainly in the 
migration of leucocytes from the tonsils into the mouth and pharynx, and 
from the epithelium of the conjunctiva into the conjunctival sac. It is not 
improbable that tbis process of ingestion by the leucocytes takes place at every 
pomt where the mucous membrane becomes continuous with the outer skin 
{e,g, nose, urethra, anus). 

Thus we arrive at the result that, in the lower Vertebrates, — 
and, with certain limitations, in the higher types also, — active or 
mechanical processes take place in digestion. These appear 
to be of great importance in most of the Anamnia; thus in 
all Fishes and Dipnoi, for instance, glands^ provided with 
specially difierentiated epithelial cells, are not present, or at any 
rate only the first traces of them can be recognised. With the 
exception of the liver, Amphioxus, Cyclostomi, and 
Dipnoi possess no trace of glands, and even in Amphibia, 
a marked diflFerentiation does not seem to occur. It cannot be 
afiirmed that no chemical processes take place in the process of 
digestion in these animals, for every individual epithelial ceU of 
the gut may be looked upon as a small gland ; but, at all events, 
the chemical processes in the higher types from the Reptilia 
onwards, become of far greater importance than the merely mech- 
anical absorptive processes, owing to the development of highly 
differentiated glandular organs (peptic glands and glands of 
Lieberktihn). 

In conclusion, attention must be directed to the formation of 
folds of the mucous membrane. In Cyclostomes these have only 
a longitudinal direction (Fig. 195, A), while, from Elasmobranchs 
onwards, they take on a transverse arrangement, and thus crypts 
arise which possess a sac-like form, often passing deeply into the 
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■wall of the gut (B to E). By a further developmeat these crypts 
become more tube-like and elongated, aud give rise to the above- 
mentioned gastric and inteatiiial glands (peptic glands and glands 
of Lieberkilbn). 



Fio. 1E)6.--Sehidiaokahu*tic Fiqcrgb of the Hrcoirs Mbhbrake of the 

INTESTISB op FiBHES, showing INTBBMBDIATE FoBMS BETWEBH LONOITUSIHAL 

Folds ask EonuD Crtpts. 
A, Petromyzon, showing the distinct spiral fold ; B, mi Elaamobranoh ; C to ^, 



Tbe finger-like outgrowths of the mucosa (villi intestinales) 
(Fig. 194, A, Zo, Zo) are to be looked at from the same physio- 
logical point of view, that is, they have to do with increasing the 
absorptive surface. They may be derived through numerous 
intermediate forms from ordinaiy folds, and appear aa distinct 
papillse from the Sauropsida onwards, reaching their greatest 
development in Mammals. 



Appendages of the Alimentary Canal. 

Uver. 

The liver, the form of which is always closely adapted to that 
of tbe body, underlies to a greater or less extent the ventral 
side of the intestinal tract, and is present in every Vertebrate 
(Amphiosus ?). It is united to the body-wall by a fold of the 
peritoneum, and varies considerably in the number of its lobes. 
We may nevertheless fix upon a ground-form consisting 
of two lobes (Myxinoids) as the precedessor of the organ in all j 
Vertebrates. It always arises from the commencement of the small 
intestine, and develops into a large vascular and glandular organ, 
(Figs. 196 to 198) which gives rise to bile, and remains in com- 



Fia. 19S. — LlVEB OF Baiui esmUfUa. [From the ventral side.) 
L, £\ L\ the different lobes of the liver ; M, atomach ; Dv, duodeunni ; H, bcarl . 



Fig. 197.— Pahckeas and Liveb of Feog, to bhow th£ Akeakcbmbnt of their 
Ducts. 

X, £'to If, the lobes of the liver turned forwsTda ; Q, g^-bladder; Dey, cystic dacts, 
which, together with the hepatic ducts (Dh), form a network from which thr 
collecting dncts arise, and these unite to form the common bile-dnct {De) : the 
latterpasses thronfzh the substance of the pancreas (P), receiving fnrther hepatic 
dacts (Z>A'), and the pancreatic dncts (?') ; at Di^ it becorDee free from the 

Sancreas, and passes back to open into the daodennm {Du) at Dc^ ; Lhp, 
nodeno-hepatic omentnm ; M, stomach ; Fy, pyloras. 
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muDicatioD with the intestine by means of one or more dueta 

(ductns choledochiis) i (Fig. 197, Dc). 

A gall-bladder(veaica fellea) may or may not be present, and 
in the former case it is connected with the system of hepatic 
ducts by means of a cystic duct (comp. Fig. IQ^ , G, Dcy, Dh) 



Fit!. 198, — ViscKKA or Laceiia agilU, insUu. 
Oe, (esophagus ; if, etomach ; MD, small inteatine ; ED, large inteetine ; L, liver ; 
Ob, gall-bladder ; Pn, ptmcreaa ; Bl, urinary bladder ; Lg, Lg', the two lungs, 
with their network of Teasels ; B, heart ; Oi, postcaval ; Tr, trachea. 

The liver of the Anamnia (e.g. Ganoids and Perennibranchi- 
ates) is, as a rule, relatively larger than that of the Amniota. 
Carnivorous (fat-eating) animals generally possess a lai^r liver 
than Herbivores. 

^ The single-Iobed liver of the Lamprey UDdergoes a histological retrogression 
(fatty metamorphosis) after transformation. The tubnli disappear, and the cells 
become filled with fat, and the gall-bladder and bile-duct become atrophied. 
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In Mammals the liver may always be derived from a ground- 
form consisting of two lobes, but in most cases it becomes further 
subdivided, so that in some cases there may be as many as six or 
seven lobes (e.g. Dog, Weasel). The right primary lobe is always 
the longest, and in it the gall-bladder, when present, lies partially 
embedded. 

Pancreas. 

As already mentioned, this organ also arises from the proximal 
portion of the small intestine, and comes into close relation with 
the liver. Its point of origin from the intestine corresponds to the 
aperture of the pancreatic duct, which penetrates the entire 
organ. 

With the exception of certain Fishes {e,g. Cyclostomi and 
many Teleostei) and Perennibranchiates (Siren and Proteus), a 
pancreas is always present in Vertebrates. Varying much in form 
and size, it early gives rise to a band-shaped or more or less 
lobulated organ, usually lying in the fold of the duodenum. Its 
duct frequently becomes united with that of the liver (Fig. 197, P^, 
Dc^y Dc^)y or there may be several independent ducts opening into 
the intestine (e.g. Birds, Crocodilia, Emydae, and some Mammalia). 
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a. ORGANS OF RESPIRATION. 

The respiratory organs are closely connected with the ali- 
mentary canal, both in position and development, and are of 
two kinds, gills and lungs. The former, as the phylogenetically 
older organs, are adapted for aquatic respiration, and are con- 
nected with the pharynx in the region of the visceral or branchial 
arches : the latter always arise as sac-like outgrowths of the primi- 
tive oesophagus, which grow backwards so as to lie within the 
body-cavity. 

Both gills and lungs may be developed in the same individual, 
but with few exceptions (Dipnoi, and possibly Siren amongst 
the Perennibranchiata) they are not functional at the same time.^ 
Which of these are to serve a^ respiratory organs depends upon 
the condition of the circulation, for respiration can only take place 
where venous trunks, — the blood in which is laden with car- 
bonic acid, — come into close relation with the surrounding 
medium; the carbonic acid is then given off, oxygen being 
taken up in its place. The venous blood is thus converted into 
arterial blood, which is again distributed over the body. 

As long as these conditio* for the oxidation of the blood are 
not fulfilled, we cannot speak of a respiratory organ. Thus the 
air-bladder of Fishes, which arises in a very similar manner to a 
lung, that is, as an outgrowth of the fore-part of the alimentary 
tract, has in no period of life the arrangement of the blood-vessels 
described above: it receives arterial blood only, from the aorta, 
and venous blood passes from iti^ it is therefore morpho- 
logically, but not phygiologically, a lung. 



I. GILLS. 

The gills arise as a series of laterally-arranged outgrowths of 
the throat lying one behind the other, and, in the course of their 
development, they become open to the e^^terior. A passage is thus 
formed for the water entering by the mouth, and in order that 

^ Comp. air-bladder of Lepidosteus, p. 257. 
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there may be every means for its contained oxygen to become 
absorbed, leaf-like or thread-like vascular processes, or gills, 
become developed in the region of each gill-cleft. These are 
internal or external according to their position.^ 

While Fishes possess gills throughout life, this is only the 
case in a small section of the Amphibia, viz. in the Perenni- 
branchiata; all the others simply pass through a gilled stage, 
and later come to breathe by means of lungs, so that the study of 
this one group of animals furnishes us with an excellent representa- 
tion of the course of phylogenetic development through which all 
the higher Vertebrates must have passed. 

The best proof of this, as well as of the important meaning of 
the branchial apparatus of animals in general, lies in the appear- 
ance of gill-clefts and gill-arches throughout the entire series 
of the Amniota up to Man, that is, in forms in which they no 
longer possess a respiratory function. They are thus repeated 
ontogenetically, but have undergone a change of function, 
coming into relation with the auditory organ and tongue, as 
already described in connection with the skull and auditory organ 
(see pp. 78, 80, 84, and 198). 

Amphiozus. — The numerous (80, 100, or more) gill-clefts of 
Amphioxus, which are supported by elastic rods, extend back- 
wards nearly to the middle of the body. At first they open freely 
to the exterior, but in a later period of development they become 
covered by two lateral folds of the skin. 

The water passing through the gill-slits is' conducted backwards 
by means of the peribranchial chamber thus fermed, and passes 
out through an aperture, the atrial pore, which lies somewhat 
behind the middle of the body (Fig. 199, c). 

This extension of the branchial apparatus over such a large 
section of the body, which points back to a very primitive condition, 
becomes considerably limited even in the Cyclostomi. 

Cyclostoml. — In Ammoccetes the oesophagus is continued 

directly backwards from the branchial cavity fFig. 200, A), and at 
the entrance of the latter there is a muscular fold covered by the 
mucous membrane, the veliiftn (Fig. 201, F). 

The seven 2 gill-sacs provided with ieaf-like folds of mucous 
membrane which are present in Ammoccetes, persist in Petro^ 
my zon ; but, with the formation of a suctorial mouth, the portion 
of the oesophagus into which they open (respiratorytube) be- 
comes closed posteriorly, and the oesophagus apparently grows 

^ External gills persist after hatching as functional respiratory organs only in 
Protopterus and the Amphibia, and even in the latter they are often soon replaced 
by internal branchiae (comp. pp. 250 and 251). 

* In Ammoccetes there are primitively eight gill-clefts ; but the first pair, which 
give rise in most Elasmobranchs and many Ganoids to the spiracle, and in Amniota 
to the tympano-Eustachian passage, does not perforate the skin. V 



fornrards above the latter, and joins the mouth-cavity at the velum. 
The anterior part of the oesophagus of the adult is thus a neo- 
morph: it is at first solid, but becomes hollowed secondarily. 



Flo. 199. — Ampliioxjia laneeolatjw, x 2^. (From Gegenbaur, sfter Qnntrefages.) 
a, apertare of month, surrounded by ciirhi ; b, anus ; e, atrial pore ; d, branchial sac ; 
e, stomach-like section of the intestine ; /, caacal proceSis (? liver) ; g, intestine \ 
h, general body-esTity ; i, notochord, and tinder it the aorta ; k, aortie 
arches ; I, aortic heart ; m, swellings on the branchial aiteriea ; n, contractile 
poatcaral vein ; o, contractile portal vein. 

Thus two canals pass backwards from the mouth, a ventral 
branchial or respiratory tube, and a dorsal (Esophagus 

(Fig. 200, B). 
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InPetromyzon the individual branchial sacs open freely to the 
exterior; but in Myxine this original condition becomes modified 



Fig. 200.— Diagram 




Fig. 201. — Lonoitudikal Section thboitgh the Head of Ainmoaetea. 



V, velam ; P, papillae of mucous membrane ; E,K,K, three an teriar gills ; 7%, thyroid 
gland {hypobranohial furrow) ; N, nasal sac ; *, communication between the 
ventricle of the olfactoiy lobe and that of the prosencephalon ; Bp, epiphysis ; 
Jnf, infundibulum ; BE, met^ncephalon ; ML, raednlla oblongata ; 6, e, 
ventricles of the mid- and hind-bratn ; o, subdural cavitj ; Ch, uot<>chonl ; 
B, spinal cord. 

by the external gill-passage» growing out into long tubes, which 
unite to form a common duct on either side ; tliis opens far behind 
the branchial apparatus on the ventral side of the body. 

Fiihei. — From the Elasmobranchii onwards the gills come 
into close relation with the skeletal part of the visceral arches, and 
in these Fishes they consist of closely-approximated transverse 
laminae (Fig. 202), which are firmly attached to both sides of the 
septa which separate the individual gill-sacs from one another, mi 
that each septum bears .gill-laminse on both its anterior and pos- 
terior surface. The gill-sacs, of which there are usually five (si.t 
or seven in Notidanus), usually open separately to the exterior. 



In the Holocephali, liowever, an opercular membrane is present, 
and traces of a similar structure are seen in Chlamydoselache. 



SB 

Fig. 202. — HonizoNTAL Section through the Vebthal Side of the Hbab or 
A Selachian. (Semidiagnramattc.) The floor of tlie mouth ia exposed. 

KM, muBclea of jaw ; Z, tonrue ; Hy, hyoid arch cat through, behiod which are 
seen the fivs branchUl arches, also cut through ; BM, macouB membrane of the 
month ; Os, (esophagUB \ S, S, pectoral arch, cut tlirough ; LR, hodj-caTity ; KD, 
body-iralla ; the arrows indicate the eitenial apertures of the five hranchial sacs. 

Z0 zw 



Via. 203.— HomzoKrAL Sbotiob turouob the Ventral Sidb of the Head of 

SUurit glania. (Semidiagrammatic. ) 
T, T, tentacles ; Zp, Zp', teeth of the lower jaw ; Bif, mncaaa membrane of the 

floor of the month ; Oe, cesophagna ; K3f, mnaclea of jaw ; KD, gill-cover, behind 

which (at the arrow) the common branchial cavity opeUB. 

Tn Ganoids and Teleosteans there are no longer chambered gill- 
sacs. The septa on which the gill-laminaE are borne become greatly 
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reduced, so that the apices of the latter extend freely outwards ; the 
whole branchial region is moreover covered over by the operculum 
and branchiostegal membrane (comp. pp. 66 and 69), and thus 
the gill-slits open into a common branchial chamber, which com- 
municates with the exterior by a single slit-like aperture on either 
side (Fig. 203). 

Asa rule, the Teleostei possess odIjt four gill-bearing visceral arches,* 
and this holds good for all Ganoids. A rudimentary gill orpseudobranch 
is present on both mandibular and hyoid arches of most Elasmobranchs, on the 
mandibular arch of all Cartilaginous Ganoids (spiracular gills), and on the 
hyoid of Teleostei, and a more complete hyoidean gill is seen in Acipenser and 
Lepidosteus: this indicates that all these Fishes formerly possessed a more 
extensive branchial apparatus than at present 

In many Teleostei certain accessory structures are developed in the region 
of the branchial chamber by a modification of the branchial arches or cavity. 
These serve to retain the water, and thus the Fish is able to live for some time 
out of the water (Anabas, Saccobranchus, Heterobranchus, Clarias, &c.). 

External gills are met with in young stages of Elasmobranchii, Holo- 
cephali, Polypterus, and Cobitis ; these possibly have a nutritive function 
in connection with the absorption of the yolk. 

Fishes breathe by taking in water through the mouth, and, by 
the contraction of the latter, forcing it out again through the gill- 
slits.^ In this process the gill-arches rise and fall, separating 
from one another during inspiration, and approximating during 
expiration. 

Dipnoi. — These, as their name implies, breathe both by gills 
and lungs. 

The branchial apparatus deserves particular attention, inas- 
much as, in Protopterus (Fig. 54, K), besides the internal 
giUs situated on the branchial arches, there are also three ex- 
V (^ternal gills. These are situated on the posterior and upper 
border of the pectoral arch, to which they are fixed by connective- 
tissue and vessels, which latter pass to them from the third and 
fourth arterial arches. 

As in Ganoids and Teleosteans there is only a single external 
branchial opening on either side, covered by a somewhat rudimentary 
operculum. 

Amphibia. — In all Urodele larvae as well as in the Perenni- 
branchiata there are three gill-tufts, lying one over the other, and 
decreasing in size from the dorsal to the ventral side ; these extend 
backwards, projecting freely to the exterior, and are composed of 
connective-tissue, unsupported by cartilage. They either have 
the form of tufts, or they may be delicately branched, showing the 
most varied arrangements for increasing the respiratory surface. 

^ They may be reduced to three, or to two, and even these may become more or | 
less rudimentary. 

* In Petromyzon, when holding on by its suctorial mouth, inspiration as we!' 
as expiration takes place through the gill-apertures. 
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These external gills are acted on by a complicated system of 
muscles, and are covered by ciliated epithelium, which serves to 
keep up a continual current in the surrounding medium. 

In the Axolotl and in the larvae of Salamanders there are four, and in 
Menobranchus and Proteus only two gill-clefts perforating the pharynx. The 
former thus show a more primitive condition, while in the latter these 
structures have become reduced. There is always only a single external ) *^ 
opening covered over by an opercular-like fold of skin. 

In the Derotremata the gills disappear entirely, but the gill-aperture 
between the third and fourth branchial arches persists. 

The external gills present at first in Anura soon disappear, 
and their place is taken by internal gills. By the growth of the 
opercular folds, the external respiratory aperture of either side 
becomes gradually reduced in size, and the two branchial chambers 
come eventually to open by a single aperture, which is situated 
either in the median ventral line, or laterally. 

In the larvae of Notodelphys and of Caecilia compressicauda bran- 
chial vesicles are developed, covered over by a vascular respiratory network ; 
in the former these are bell-shaped, and in the latter they have an irregular 
sac-like form. In the embryo of Epicriumglutinosum, a feather-like and 
highly- vascular gill-tuft arises on either side ; these are of unequal length, and 
they move continually backwards and forwards in the egg-albumen. In certain 
Batrachia, the broad and richly vascular swimming- tail lying against the 
egg-membrane may serve as a larval respiratory oi^an. 

Thus we arrive at the result that the gills of Vertebrates may 
be divided into four groups, which show no direct connection with 
one another. The first kind is seen inAmphioxus, the second 
in Cyclostomes, the third in the adults of other Fishes, and 
the fourth in Amphibians. 



II. AIR-BLADDER AND LUNGS. 

1. The Air-Bladder. 

As has already been mentioned, the lungs aud air-bladder are 
developed in a similar manner, and diflfer only from one another in 
the fact that the lungs always arise from the ventral side of the 
primary oesophagus, while this is an exceptional case as regards ") V 
the air-bladder (Polypterus, Erythrina) ; that organ is usually 
formed on the dorsal side. The exact point of origin of the 
air-bladder from the oesophagus varies, and its duct (ductus 
pneumaticus) may either remain open throughout life, as in 
all Ganoids and some Teleosteans (Physostomi), or it may 
later become reduced to a solid fibrous cord, or even entirely 
obliterated, as in other Teleostei (Physoclisti). In the latter 
case there is no communication between the air bladder and the 
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external air, and it is probable that the contained gas is given oflf 
from the walls of the air-bladder itself. 

The air-bladder always lies above the peritoneum on the dorsal 
side of the body-cavity, between the vertebral column, aorta, and 
kidneys on the one hand, and the alimentary canal on the other : 
it is invested by the peritoneum on the ventral side only. It is 
more or less sa^-shap^ in form, and is only exceptionally paired 
(Polypterus); it usually extends along the whole length of the 
body-cavity, and has walls composed of connective, elastic, and 
muscular tissue. In some Teleostei it is transversely constricted 
so as to form several successive divisions ; in other cases it may 

five rise to a more or less numerous series of csecal processes, 
ts internal surface may be either smooth or spongy, owing to 
the formation of a meshwork of trabeculse, the structure of which 
reminds one of the lungs of Dipnoi and Amphibia. 

Attention has already been directed to the relations which often 
exist between the air-bladder and the auditory organ (see p. 20t). 



2. The Lungs. 

The further development of the primitive lung-sacs is essen- 
tially similar to that of a branched gland. They gradually increase 
in size, and the part which connects them with the oesophagus 
becomes drawn out into a tube, the windpipe or trachea; this 
bifurcates to form two bronchi, one of which goes to either lung 
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Fio. 204. — A, B, C, Diagrams showing the Mode of Development of the 

Lttngs. 

P/?, primitive alimentary tube ; S^ S^, the luDg-sacs, which are at first unpaired : 

tj trachea ; b, bronchus. 

(Fig. 204, S, S^j t, h). In their further growth, the bronchi branch 
out into finer and finer tubes, and finally end in small vesicles or 
infundibula, which are made up of a number of alveoli, and 
are surrounded by blood capillaries, through the thin walls of which 
the interchange of respiratory gases takes place (comp. Fig. 205). 

In the course of further development, annular cartilages become 
developed in this system of tubes : the most anterior of these, that 
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is, those lying round the glottis or entrance to the trachea (which 
are phylogenetically the oldest cartilages of the whole 
apparatus), become diflferentiated to form a special apparatus, the 
larynx; this is regulated by muscles, and has to do with the 
production of the voice.. 

A BCD 





Fig. 205. —Diagram Illustrating the Phylooenetic Development of the 
Lungs ; a Gradual Increase of the Respiratory Surface is seen in 
passing from a to d. 

The trachea, bronchi, and larynx thus constitute a kind of 
hollow skeleton for the whole respiratory apparatus, and, as they 
are formed secondarily, we should naturally expect them to be most 
developed in the higher types. 



Air-Passag^es. 

Amphibia. — The first traces of cartilaginous supports to the 
glottis are seen inUrodeles, there being no skeletal elements in 
this region in Dipnoans (Protopterus). At the same time, dilator 
and constrictor muscles appear round the glottis. 

In Dipnoi, SalamandridsB, and Anura, there is no proper 
trachea, but only a short laryngo-tracheal chamber leading 
from the larynx to the lungs ; in the two last-mentioned groups 
this is supported by cartilages. A definite trachea is, however, 
present in Siren, Amphiuma, and the Gymnophiona; it 
reaches a length of 4 to 5 or more centimetres, and its wall is 
strengthened by a series of small irregular cartilages, which usually 
tend to unite into bands : only in the Gymnophiona, however, do 
these bands begin to take on the form of half-rings, and to surround 
the trachea more or less completely. 

In Anura a considerable advance is noticeable, as a highly 
diflferentiated larynx is present in them. This is regulated by a 
well-developed series of muscles, and is provided with vocal cords, 
the sound produced by which is often intensified by the presence 
of vocal sacs developed from the floor of the mouth. The laryngo- 
tracheal chamber of Ban a esculenta lies between the posterior 
comua of the hyoid (thyro-hyals), and is supported by a thin car- 
tilage on either side of the glottis (Fig. 206, Cd), as well as by a 
ring-shaped cartilage, from which delicate processes pass backwards 
to the roots of the lungs (Fig. 206, GV- — CT*). The former correspond 
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to the arytenoids, and the latter to the cricoid cartilage of 
higher Yertebrates. These are all firmly uoiled to one another by 



Fig. 200.— Cartilauinous Skeleton of the Lartnqo-Tracheai. Chahbek of 
Han/I escuUiUa. (A, from above ; B, from the eide. ) 

Co, Ca, arytenoid cartilaf^ ; (X/.' to C,l.\ cricoid cartilage ; Sp, process of the 
latter ; P, pla.l«-like broadeoing out of tbe veutial pact of the cricoid ; SS, 
glottis ; ***, three tootli-like prominoucea of the arytenoids. 

coDnective-tissue, the vocal cords being situated on the inner surfaces 
of the arytenoids. 

Keptllea. — The larynx of Reptiles is sur^orted by cartilaginous 
elements comparable to those of Anura, there being two seta of 

A B 



Fio. 2Q7. — Labyhz of PkyllodaelyUis europtcua. {A, skeleton, and B, mugcolatnre 

of laryni.) 

Ar, arytenoids ; Cc, cricoid ; S, anterior median process of cricoid ; >$', sphincter ; 

J>, dilator ; T, tiachea ; Oe, basi-liynl. 

cartilages, a paired arytenoid, and a ring-shaped cricoid (Pig. 

207, Ar, Cc). 
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No considerable advance in structure is, however, seen ; there is 
even a reduction noticeable as regards the musculature, for as a 
rule, only a single dilator and constrictor are present (Fig. 207, 
-D, /S^), instead of several, as in the Frog. 

One point, however, must be specially noticed, viz., the close 
connection which obtains between the larynx and the hyoidean 
apparatus — more particularly the dorsal surface of the basi-hyal. 
In Crocodiles and Chelonians, for instance, the larynx is 
firmly embedded in a shallow depression of the latter, and it seems 
probable that the thyroid cartilage of Mammals has been 
derived from a part of the body of the hyoid. 

A well-developed trachea, always supported by enclosing 
cartilages, is present in all Reptiles, but the cartilages are not in 
all cases fused together to form complete rings. The walls of the 
bronchi are- also usually provided with cartilaginous supports. 

Birds. — In Birds there are two larynges, an upper and a 
lower. The former lies in the usual position behind the tongue on 
the floor of the pharynx, and is plainly homologous with that of 
other Vertebrates, though it is incapable of producing sound.] 
This is owing to the fact that both its skeleton and muscles are/ 
obviously undergoing a retrogressive metamorphosis. 

The lower larynx, or syrinx, is of much greater interest ; it is 
usually situated at the junction of the trachea and bronchi, or more 
seldom at the lower end of the trachea alone or on the bronchi 
alone. It functions as the organ of voice, and appears first in, 
and is restricted to, Birds, no traces of a gyrinx, which might be 
expected, being found in Reptiles. In the most usual form, or 
broncho -tracheal syrinx, there is a moveable connection 
between the most anterior bronchial rings, with which a compli- 
cated system of muscles is connected ; these, by their contraction, 
cause a stretching or relaxing of certain vibratory membranes 
(membrana tympaniformis interna and externa). The 
lower specially modified end of the trachea also plays an impor- 
tant part as a " tympanum," which attains a relatively enormous 
development in some Water-Birds {e.g.y the male Duck), where it 
gives rise to a bony vesicle which serves as a resonance cavity. 

The length of the trachea in Birds varies greatly, and its complete cartila- 
ginous rings show a ^eat tendency to become ossified. In some cases {e.g. 
the Swan and Crane) it extends into the hollow keel of the sternum, where it 
becomes more or less coiled, and then again passes out close to its point of 
entrance, and enters the body-cavity. In certain representatives of the family 
of SturnidsBit extends between tne skin and the muscles of the thorax, and 
there gives rise to numerous spiral coils. 

Mammals. — The larynx of Mammals is distinguished from 
that of all other Vertebrates by the following characters : there is 
always a very marked differentiation of the muscles, the 
constrictors always exceeding the dilators in number; and an 
epiglottis and a thyroid cartilage are constantly present. 
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Fio. 208.— Lahibom of Various Hahu&u>. 



the left side ; D, laryni of Chimpanzee (. 

TV, trachea ; Ctr, cartilaginoua ria<^ of the trachea ; S, mucous membrane of the 
trachea and touf^e ; CV, Tentral, and Cr', dara;Ll plate of the cricoid ; Ct, CC, 
tJiTroid cartilage ; ok., uh, anterior and ooaterior comna of the ]att«r ; Co, ary- 
tenoid cartilage ; pm, processus muacularis of the latter ; Ep, epislottia ; H. 
hoij of hyoid ; h, lesser, A', greater comuaof the hyoid ; Lt, cnco-thyroiil 
ligament; Mlh, thyio-hyoid ligameot; X, laryngeal pouch, which shows an 
enlargement atf ; 1, S, S, the thiee resonance-cavities of Simia troglodyttj : ma, 
snbmncous tissue with muscles ; if.ge, genioglosstis muscle ; Z, tongue. 
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The epiglottis serves as a protection to the aperture of the 
glottis, and its form varies much ; occasionally it may undergo 
degeneration. The thyroid cartilage, which, as already mentioned 
(see p. 256), is j^-obably to be derived from the visceral skeleton, 
is originally paired (Monotremes). In higher types, it forms a 
cartilaginous capsule which encloses the cricoid and arytenoids^ 
on the ventral side. The thyroid serves as a point of origin and 
insertion for important muscles which stretch the vocal cords. 

The vocal cords extend between the thyroid and the ary- 
tenoids, and the mucous membrane above them becomes in- 
voluted to form the laryngeal pouches. In Anthropoids, and 
certain other Monkeys, these may reach such a large size that they 
serve as resonance cavities, and come to lie partially within 
the body of the hyoid, which is swollen to form a large bony 
chamber (Fig. 208, D, i, 2, 3)} 

The folds of mucous membrane bounding the pouches of the 
larynx anteriorly are spoken of as false vocal cords ; these are not 
present in all Mammals. 

An interesting adaptation for the method of lactation i«i seen in the larynx 
of Marsupial embryos, in which it becomes elongated so as to extend up- 
wards into the internal nostrils, where it is firmly emoTaced by the soft palate. 
Thus respiration can go on freely while the milk passes down the oesophagus on 
either side of the lar3mx. In Cetacea {e.g, Phocoena) a similar arrangement is 
observable, and is here adapted for the aquatic life of the animal. In many 
other Mammals the epiglottis is embraced by the soft palate, so that feeding and 
respiration can go on without interfering with one another. 



The Lunges in a more Restricted Sense. 

Dipnoi. — In Ceratodus, the lungs form a wide unpaired ^ 
sac, without any trace of a dividing septum, while in other Dipnoi a 
they are distinctly paired posteriorly, though single anteriorly. 

They extend through the whole length of the body-cavity, and 
are covered by the peritoneum only on the ventral surface : the 
mucous membrane lining them forms bands and networks similar 
to those seen in the air-bladders of many Fishes {e.g. Lepidosteus).* 

Amphibia. — The lungs of Menobranchus and Proteus 
remain at a lower stage of development than those of the Dipnoi, 

^ The cricoid may be complete or incomplete ventrally, and its dorsal portion 
usually becomes raised to form a broad plate which articulates with the arytenoids 
(Fig. 208, CV, Cr}j Ca). Each of the latter often gives rise to an outgrowth an- 
teriorly, which, becoming separated from it, forms a cartilage of Santorini. 
A further independent cartilage (cartilage of Wrisberg) is sometimes present 
in the aryepiglottidean fold. 

' In the Gorilla the resonance vesiole extends above the stemo-cleido-mastoideus, 
and reaches backwards as far as the shoulder and pectoralis major. 

* It is worthy of remark that Lepidosteus, like many other Fishes, comes to 
the surface and appears to swallow air, but it cannot be stated whether its air-bladder 
has any important respiratory function until the relations of the blood-vessels are 
known. 

S 
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inasmuch as their internal surface is perfectly smooth, and has, 
therefore, a much smaller superficial extent. They consist of two 
delicate elongated sacs, of unequal length, and constricted in their 
middle ; in Proteus they extend much further backwards than in 
Menobranchus. A difference in length between the two lungs is 
seen also in other Amphibia, such as Amphiuma and Siren 
lacertina, in which the two cylindrical lungs lie near together, 
close to the aorta. Their internal surface is raised into a net- 
work, corresponding with the distribution of the blood-vessels, the 
meshes of which are much finer in Amphiuma, and still more so in 
Menopoma, than in Siren. 

In Salamanders the lungs as a rule are equal in size, and have 
the form of cylindrical tubes extending backwards as far as 
the end of the stomach; their internal surface is more or less 
smooth. The lungs of Gymnophiona are similar to those of Sala- 
manders, but the right alone is fully developed, and this shows in 
its interior a complicated trabecular network : the left is only a few 
millimetres long. A similar abortion of one lung is also seen in 
Snakes, and in both cases has to do with the elongated form of the 
body (cp. the note below). The wide, elliptical lungs of A aura 
Are quite symmetrical. Their internal surface, which is partly 
lined by ciliated epithelium, is raised up into a rich respiratory 
network of trabecular, and numerous smooth muscular fibres are 
present in their walls. 

Reptiles. — ^In Reptiles, as in all other air-breathing Verte- 
brates, the form of the lungs is to a great extent regulated by that 
of the body. In the higher types, such as the Chelonia and 
C roc od ilia, their structure is much more complicated than in 
Amphibia; this complication finds expression in a very con- 
siderable enlargement of the respiratory surface. With the ex- 
ception of the thin- walled lungs of Lizards, which retain a very 
primitive condition, we no longer meet with a large central cavity, 
but the organ becomes penetrated by a branched system of 
bronchi, giving it the character of a tubular and sponge-like mesh- 
work.^ Thus the phylogenetic stages of development are here 
again repeated ontogenetically. 

The lungs of the Chameleon present a very curious modification. The 
anterior portion is much more compact and spongy than the posterior, which 
grows out into numerous sac-like processes, some of which reach as far back 
as the pelvic region ; their form is very variable, being spindle-shaped, club- 
shaped, or lobulated, and their walls are very thin ; they extend in amongst the 
viscera wherever there is room. If these processes have any respiratory function, 
it is at most only a very slight one. An indication of a sijpilar arrangement 

^ The lung of Snakes exhibits an intermediate form, for, in spite of the finely- 
meshed tissue arising from the periphery, it still retains a narrow central cavity. As 
already mentioned, only the right lung is as a rule fully developed in Snakes and 
AmphisbfiBnians, owing to the elongated form of the body, while the left remains 
in a rudimentary condition, or even disappears entirely. 
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is seen in the lungs of Test u do, in which a single thin- walled process extends 
backwards to the pelvic region. These processes seeiti to foreshadow a con- 
dition which reaches its highest development in Birds. 

A uniform ground-plan is to be observed in the airangement 
of the intra-pulmonary bronchial system through the whole series 
of the Amniota, from Crocodiles onwards. A continuation of 
the bronchus, which is almost straight, always passes through the 
lung to its posterior end. This may be called the mainbronchus; 
from it a series of lateral bronchi arise. The important and 
typical relations of the latter to the main trunk of the pulmonary 
artery and vein in Mammals, will be described later (p. 263) : it is 
not yet known whether a similar arrangement obtains in Chelonians, 
Crocodiles, and Birds. 

Birds. — The respiratory apparatus of Birds presents so many 
remarkable peculiarities, both in the structure of the lungs and the 
presence of air-sacs^ that it must be considered in some detail.^ 



LUNGS AND AIR-SACS OF BIRDS. 

When the ventral body-walls of a Bird are removed, the heart, stomach, 
liver, and intestines, are seen pressed towards the mid-line, and on either side 
of them a tightly-stretched fascia, the oblique septum, is observable, which 
shuts them off from a paired lateral sub-pulmonary chamber (Fig. 209, 
D,th,a). Other chambers are situated in the anterior thoracic region, ventral 
to the lungs, which latter lie close against the vertebral column and the heads 
of the ribs, by which they are impressed : others, again, are seen in the region 
of the heart and in the posterior part of the abdominal cavity. 

These chambers are occupied by the air -sacs, the development and 
physiological function of which will be described later on. 

The most posterior chamber on either side encloses an abdominal 
(posterior) air-sac (Fig. 209, r.AM.S.y LAbd.S). In Apteryx, this is 
completely closed in by the oblique septum, but in other Birds it gives rise to 
a large diverticulum which extends between the corresponding kidney and the 
body- walls, and even into the latter, as well as between the pelvic muscles. 
Its volume is naturally dependent upon the state of distension of the viscera 
at the time. 

In front of this there are two air-sacs lying above and externally to the 
oblique septum, and constituting the main part of the sub-pulmonary chamber ; 
these may be called the anterior and posterior intermediate sacs (Fig. 
209, t, ft). A transverse dividing- wall («*) lies between these two, at the 
level of the coeliac artery, and a second septum («) shuts off the anterior 
intermediate sac from the one lying in front of it, to be described presently. 
The posterior intermediate air-sac presents the simplest and most constant 
relations, and never communicates with any of the neighbouring chambers, as 
is often the case with the anterior intermediate. 

A pair ofprebronchial air sacs lies on either side of the oesophagus 
above the bronchus, anterior to the hilum of the lung (Fig. 209, C, U), and 
below this a sub-bronchial sac is situated, which is separated behind from 
the anterior intermediate sac by a septum (Fig. 209, «). This is usually 

* For Figs. 209 and 210, as well as for many of the details in the above 
description, we are indebted to Professor H. Strasser of Freiburg in Baden, who has 
kindly allowed us to make use of the manuscript of a paper which is not yet 
published. The terms used arc those of Professor Huxley. 

s 2 
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Fio. 20S. — Abdominal Visceba abd Aib-Sacs or A Duck aftkr the Removal. 
or THE Ventral Body- Wall. (From an original drawing by H. Strasser.) 

T, trachea ; S, heart, enclosed within the pericardium ; tL, IL, right and left lobee 
of liver; faft, auspensory (falciform) ligament, and Zed, to, rifiht and left coronary 
ligament of the uver ; I), intestine ; F, peotoralia major : pa, pv, pectoral artery 
and rein ; S, subclavills muscle ; Cd, coracoid ; F, furcula ; Ifed, coraco-fnicular 
ligament ; Lg, Lg', lung ; r.Abd.S, I.Abd.S, right and left abdominal (posterior) 
air-sac ; D. th. a, the fibrona oblique septum ; Tf, posterior intermediate air-sac ; 
+, auterior intermediate ait-sac ; »', s\ partition -trail 8 between these sacs ; 
>, >, partition- walls between the anterior intermediate air-sacs and the unpaired 
aub-broncbial aac, lying in the anterior part of the bodj'-cavity ; c, portion of 
anteriorwall of latter ; p, axillary aac lying between the carajM>id, scapula, and 
the anterior ribs, and communicating with the aub-broDchial air-sac ; O, C, 
prebronchial «*es ; •, point of entrance of the bronchi into the lung ; Ap, 
pulmonary artery ; Aa and Va, innominate artery and vein with their branches. 



Via. 210. — Left Lvko of tbb Duce, in ^u. (Frum an original drawing by 
H. Strasser.) 

The main broncbuB ia cut open ; interaitlly to it lies the palmoiury vein, and 
externally tbe pulmonary artery. 

Oe, ossophagua ; m.I.c, muse, longng colli ; ^rfTs, thoracic vertcbne ; v, f, ends of 
irea vertebral ribs ; atv, atv, seetians of ribs which are connected with the 
Btemnm ; If, kidney ; TV, trachea ; I, first entobronchium, and c, its aperture 
of commnuication (oBtinm) with the prebronchisl ajr-Bac ; i, 4, e, its internal, 
anterior, and external branches ; Hi, He, internal and eiteraal branch of the 
second ent«bronchiuin : the end of He opens' into the sub-bronchial sac at d ; 
III, third eut<ibronchitini, with the aperture e for the anterior intermediate air- 
sac ; IV, fourth entobronchium ; au, opening of the main bronchus into the 
dbdominal sac ; b, opening of the outer lateral branch of the mesobronchium 
into the posterior intermediate sac ; b\ second ostium of the latter, more 
towards the middle line (present in Passerea). The boiindaty of the pulmonary 
aponeurosis is seen along the outer edge of the lung, and the coBto-pnlmonary 
muaclea are shown extending to it Sxa\a the ribe. 

tmpaired, the sac of either eide fusing with its fellow to form an interclavi- 
cular chamber, bounded by the futcula ; ' it con-inrnnicatca with neighbouring 

Adjutant) a median septam is present 
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air-cavities which lie between the pericardium and sternum, and in the axilla, 
outside the body-cavity (axillary sac) (Fig. 209, p, p). 

The lower surface of each lung is closely invested by a thin fibrous 
membrane, the pulmonary aponeurosis,^ into which are inserted a variable 
number of muscular bands (costo-pulmonary muscles). These anse from 
the vertebral ribs, and are supplied oy the intercostal nerves (Fig. 210). 

The main bronchus (mesobronchium) runs close to the ventral 
surface of the lung surrounded by the lung-parenchyma, and extends to its 
posterior end, where, as a rule, it opens directly into the abdominal air-sac 
(Fig. 210, au). From it a lai^e lateral bronchus branches o£P, which opens 
into the posterior intermediate sac bv one or two {e.g. in Passeres) apertures fPig. 
210, 6, V), Besides this there are from four to six other lateral bronchi (Fig. 
210, I to i r)) ^ of which become broadened out in a fan-like manner on the 
ventral surface of the lung. These may be called entobronchia (bronchi 
diver^entes, Sappey) : they all arise from the anterior portion of the meso- 
bronchium. The first of these radiates out anteriorly to the hilum of the lung, 
and gives off internal, external, and anterior branches, one of which opens 
into the prebronchial sac (Fig. 210, c). The other entobronchia give rise to 
two series of branches, one of which extends inwards and backwards between 
the factors of the pulmonary vein, and the other outwards between the 
arterial branches. Almost without exception a large aperture or ostium is 
present on the wall on the third entobronchium, commiinicating with the 
anterior intermediate air-sac (Fig. 210, e). A branch of the second ento- 
bronchium opens externally to the hilum of the lung into the sub-broncliial 
sac (Fig. 210, lie, d). 

The lateral bronchi considered as yet have to do with the ventral surface 
of the lung only ; but besides these there are a variable number of ecto- 
bronchia, arising from the dorsal side of the main bronchus posteriorly to 
the entobronchia (see Fig. 210). These come off in a double longitudinal row, 
those of the outer row being larger than those of the inner. They pass 
dorsally to the oostal face of the lung. Both ecto- and entobronchia give off 
numerous bronchi of a third order, orparabronchia: the walls of these are 
raised into numerous transverse net-like folds, into which the pulmonary 
capillaries extend. 

The following points must be noticed as regards the genesis 
and function of the air-sacs. 

Early in the embryonic period, delicate-walled hollow pro- 
cesses, lined by pavement epithelium, arise from the pulmonary 
vesicles : these grow rapidly, and soon exceed the lung proper in 
size, so that they extend amongst the viscera. Their form and 
extent depend entirely upon their surroundings, and they simply 
consist of interstitial cavities lined by the membrane of the air- 
sacs. Moreover, they are not confined to the body-cavity, but in 
numerous places extend beyond it, passing in between the muscles, 
beneath the skin, and even into most of the bones. The latter 
are thus rendered pneumatic,^ and consequently the specific 
gravity of the body is lessened, and the power of flight increased. 
The pneumaticity of the bones is not, however, an essential pecu- 
liarity connected with flight, for in many Birds which are extremely 

^ The pulmonary aponeurosis, as well as the obUque septum, is often spoken of 
as a "diaphragm*' (comp. p. 122). 

^ This cannot of course take place until the marrow of the bones has performed 
the greater part of its bone-forming ftmction. 
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good fliers {e.g, Larus, Sterna) the bones are not pneumatic.^' In. 
these cases, however, a compensation is eflfected by a more marked 
development of the muscles, and the abdominal (posterior) air-sac, 
which in no Birds appears to be entirely wanting, is here well 
developed. 

The air-sacs must be looked upon as integral parts of the respu-atory 
apparatus : a greater amount of air can, by their means, pass in and out during 
inspiration and expiration, especially through the larger bronchi, and con- 
sequently there is less necessity for the expansion of the lung-parenchyma. 
The function of the prolongations of the air-sacs lying towards the outer surface 
of the body consists in the giving off of watery vapour and in regulating the 
heat of the body. Those which extend in between the muscles, and supplant 
the connective and fatty tissue in these regions, have a further importance in 
causing less power to be lost in friction. ^ 

But by lar the greatest importance of the air-sacs lying towards the 
periphery consists in the enlargement of the anterior thoracic region, princi- 
pally that surrounded by the pectoral arch. A larger development of the 
skeleton can thus take place, giving an increase of surface for muscular 
attachment without any considerable increase in weight. Everything, in fact, 
combines to estahlish an organ of flight with a large wing-surface and an 
increased strength of the muscles. 

Mammals. — As already mentioned, main and lateral 
bronchi can be distinguished in Mammals. The pulmonary artery 
crosses the main bronchus at its anterior end, and this point may 
be taken as dividing the lateral bronchi into two systems — an 
eparterial lying anterior (above) and a hyparterial • lying 
posterior to (below) the artery. 

The hyparterial series is always well developed, and consists of 
a double tow ^ of lateral bronchi ; the eparterial system, on the 
other hand, gradually becomes of much less importance, and in 
certain cases is represented only by a single lateral bronchus on 
either side (Fig. 211, c, 6, a), and, as a rule, even the left of these 
disappears, only the right remaining. This eparterial bronchus, 
whether developed on one or on both sides, may change its position 
on the main bronchus so as to arise from the trachea.* 

In by far the greater number of Mammals then, the left epar- 
terial bronchus has disappeared, while the right is retained ; this 

^ The pneumaticity of the bones is not a special peculiarity of Bii'ds : amongst 
Mammals, frontal, maxillary, and sphenoidal sinuses are present in Anthropoids, 
Elephants, and Marsupials for instance ; the skidl of Crocodiles is also strongly 
pneumatic. All these sinuses communicate with one another, and also with the tym-^ 
panic cavity. They are in many cases developed in order to give a greater surface for 
the attachment of muscles, and also to effect a saving of material and a lightening of 
the skull. 

2 The pulmonary artery passes backwards between the roots of the hyparterial 
bronchi, while the corresponding vein runs along the ventral side of the main 
bronchus (Fig. 211, A, V). 

^ The left eparterial bronchus may also disappear (Hystrix), and thus the ter- 
minal stage of a process begun in Birds is reached. It is difficult to find an explana- 
tion for these facts ; they may possibly" have something to do with the gradual 
disappearance of the cervical and lumbar ribs, in connection with the shortening of 
the thorax (comp. p. 51). 
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is the case, for instance, in Man. It leads to the foUowing 
conclusions. 

As the aaiterior lohe of the r^ht lung helongs to the eparterial 
and that of the left lung to the first byparterial hronchus, these lobes 



Fio. 211. — DiAGKAH OF THE Arbanoemeht op the Bbonchi in Mamhau. 

(From tile ventral side. ) 

a, a, eparterial bronchus of either side ; b, series of ventral, and e, of dorsal 

Iijparterial bronchi ; A and F, pulmonHry artery and yein. 

are evidently not homologous, the middle right lobe corresponding 
much more nearly to the anterior lobe of the left side. Thus 
there is a want of symmetry between the right and left 
sides, the right lung retaining one element more than 
the left. 

The formation of lobea, which always begins at the anterior 
end of the lung, is of less fundamental importance as regards the 
structure of the lung than is the arrangement of the bronchial 
system, as a single lateral bronchus is present to each lobe. Thus it 
follows that what has hitherto been known in human anatomy as 
the inferior (posterior) lohe does not correspond toatrue lobe, but 
represents the main axisof the lung, enclosmg the main bronchus. 

In the description of the peritoneum (p. 208), attention has 
already been directed to the fact that the thoracic cavity is 
lined by a serous membrane, the pleura. As in the case of the 
peritoneum, a parietal and a visceral layer may he distinguished 
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(Fig. 212, P, P^): the latter is spoken of as the pulmonary 
pleura, the former as the costal pleura. Towards the middle 
line, the pulmonary pleura of either side is reflected so as to form 
a septum between the right and left thoracic cavities. This septum 



Fig. 212. — Diagram of the Pleural a 



Tr, trachea ; Br, bronchi ; L, L, lungs ; H, htart ; JV, Tertebml colamn ; P, parietal, 
and i^, riaceral layer of tha pleura ; t t, points at which these pass into one 
another at the bilum pulmonalis {ffi) ; ni, mediastinum ; Pc, A', parietal and 
Tiaceral layers of the pericardium ; S, ribs (irall of thorax) ; S, sternum. 

is called the mediastinum (Fig, 212, m), and the space between 
its two layers the mediastinal space; through this, the aorta, 
oesophagus, and postcaval vein run, and in the region of the heart, 
the mediastinum is reflected over the parietal layer of the peri- 
cardium (see p. 268, and Fig. 212, Pc). 

There is a lymphatic fluid between the two layers of the pleura, 
which renders the movements of the lungs smooth and easy. 



ABDOMINAL PORES. 

By the term abdominal pores is understood a perforation 
— almost always paired — of the posterior end of the peritoneal 
cavity, which ptits the coelome into direct communication with the 
exterior.* These pores are present in Cyclostomi, Elasmo- 
branchii, certain Teleoatei, Dipnoi, Chelonia, and Croco- 
dilia. The perforations always take place through the ectoderm, 
close to the apertures of the urinogenital organs and intestine; each 
is either situated on a papilla, or in the walls of the cloaca. 

It can only be stated positively as regards the function of the 
abdominal pores, that in Cyclostomes and a few other Fishes they 
serve to conduct the generative products to the exterior. As in the 
rest of the Vertebrata special ducts are present for this purpose. 
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A, atins ; Pa, Jla, PG, sbdominal pores ; Pp, papilla ; A T, cloacal pocheta ; VO and 
a, arimwenital aperturea : L, L, lip-like margin of cloacal aperture ; CB, 
cloaca; I>ED, lougitudinal foMa of the rectnm, which end sharply Ht RF; 
I, point at which the rectal Kland opens ; BF, pelvic fin ; ■H', clnspers. The 
nrrow la A points towards the hcnd, and all the figures are placed similarly to k. 
In Fig. C. CI indicates the blind sac of the cloaca, the dorsal wall of which is 
visible at D W ; t, Hie unpaired apeitnre of the generative ducts ; ED, ED', 
the rectum, cot open. The arrow indicates the aperture of the oreteis. 
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the persistence of the abdominal pores is diflScult to account for ; 
they must have undergone a change of function. It is as diflBcult 
to say what this function is as to explain the fact that they have 
disappeared in the Amphibia, which are certainly a very ancient 
group, while they are again met with amongst Reptiles. 

In Protopterus the abdominal pores open in front of, and in 
Ceratodus behind the cloaca. In Ceratodus their arrangement is 
similar to that seen in Elasmobranchs, and they are always paired : 
in Protopterus, on the contrary, they undergo numerous individual 
variations ; as a rule only one is developed, and this lies on the 
same side as the vent — sometimes to the right, sometimes to the 
left of the middle line, and opens either within or without the 
sphincter of the cloaca. If both pores are present, they always 
open within the cloaca, on its dorsal wall, behind the aperture of 
the rectum. 

Gegenbaur considers that the abdominal pores are not homolo- 
gous throughout the series of the Vertebrata, and that they must 
be considered in relation with other structures — more particularly 
the generative organs. Rathke and Huxley have pointed out 
that in the series of the SalmonidaB a gradual disappearance of 
the oviducts is observable, their function being undertaken by 
abdominal pores. This would seem to indicate that the abdominal 
pores present in female SalmonidaB are not homologous with those 
of other Fishes {e.g. Cyclostomi, Elasmobranchii, Dipnoi). 
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H. ORGANS OF CIRCULATION. 

(VASCULAR SYSTEM.) 

The organs of circulation consist of a central organ, the hearty 
peripheral organs, the vessels^ and nutritive fluids, composed of 
plasma and structural elements (cells),^ the blood and 
lymph. The latter, which occurs partly within closed canals, 
partly in various spaces and cavities of the body, and which 
penetrates all the tissues, will be spoken of later, and the blood- 
vascular system in its more restricted sense will be treated of 
first. This consists of a series of completely closed tubes (vessels), 
which, according as they contain oxygenated or impure blood, are 
spoken of as arteries or veins. This, however, is not an abso- 
lute rule, for setting aside the chemical condition of the blood, all 
vessels which empty their contents into the heart are called veins, 
while those which arise from the heart are spoken of as arteries. 

The heart, which is enclosed within the pericardium^^ serves as 
the central organ of the circulation, and acts both as a suction- 
pump and a force-pump. It arises, like the entire vascular 
system, from the mesoblast, either as a single or as a paired 
tubular cavity ; it originates in the splanchnic layer along the ventral 

^ The blood- and lymph-corpuscles are the last results of segmentation in the 
mesoblast. The first to be formed are white corpuscles, which are nucleated and 
amoeboid (these are the only kind present in Amphioxus) ; the red appear secondarily ; 
whether liiey originate from the white corpuscles or independently is not known, 
though the former mode of development seems the most probable. Both primitive 
red and primitive white corpuscles possess a nucleus, which in the case of the 
latter persists throughout life, though it is often only visible by means of reagents. 
In the case of the red corpuscles the nucleus persists, and the whole cell is biconvex 
in all Vertebrates below Mammals, and, even in these, nucleated red cells may be 
seen in the marrow of the bones, in the blood of the spleen, and often in that of the 
portal vein. In all other parts of the body of Mammals they lose their nuclei and 
become biconcave. In all Mammals, except the Camelidse, the red corpuscles have 
the form of circular disks ; in the last-mentioned group and in all other Vertebrates 
except Cyclostomes they are oval. Siren possesses the largest red corpuscles, then 
comes Proteus, and then Salamandra ; the smallest are found in the Tragulidse. 

2 The pericardium consists of a parietal and a visceral layer: the former is 
invested by the mediastinum (see p. 265), and the latter is closely applied to the 
Eeart. 
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region of the throat, close behind the gill-clefts.^ Thus it is formed 
from the same blastema as the muscular coat of the alimentary 
canal, and its wall becomes differentiated into three layers, an 
outer serous (pericardial), a middle muscular, and an inner 
epithelial. In this it essentially corresponds in structure 
with the larger vessels, in the walls of which three layers 
can also be distinguished.^ By a study of its development we 
thus see that the heart represents essentially a strongly deve- 
loped blood-vessel, which at first lies more or less in the longi- 
tudinal axis of the body ; later, however, it becomes much more 
complicated by the formation of various folds and swellings. In 
this manner the folded tubular heart becomes divided into two 
chambers, an atrium and a ventricle. Between these, valvular 
structures arise, which only allow the blood to flow in a definite 
direction on the contraction of the walls of the heart, viz. from the 
atrium to the ventricle ; any backward flow is thus prevented. 




Fig. 214.— Diagram showing the Primitive Relations of the Different 

Chambers of the Heart. 

Sv^ sinus vesosos, into which the veins from the body open ; A^ atrium ; P", ventricle ; 

Cay conus arteriosus ; Ba^ bulbus arteriosus. 

V 

The valves are formed by a process of differentiation of the mus- 
cular trabeculae of the walls of the heart, as will be explained liater 
on. The atrium, into which the blood enters, represents primi- 
tively the venous portion of the heart, while the ventricle, from 
which the blood flows out, corresponds to the arterial portion. The 
venous end further becomes differentiated to form another chamber, 
the sinus venosus (Fig. 214, Bv), and the arterial end gives rise 
distally to a conus or truncus arteriosus; this is provided 
with more or less numerous valves, and is continued forwards into 
the arterial vessel, the enlarged base of which is spoken of as the 
bulbus^ art eriosasL{fti, Boi). 

^ The primitive aortse arise independently of the heart: they are formed by 
peripheral (segmentally arranged ?) vascular processes, which pass towards the middle 
line, and there turn forwards and backwards and become confluent, so as to form 
longitudinal trunks. 

^ The walls of the smallest blood-vessels, the capillaries, consist of a single 
cellular layer, which corresponds to the inner epithelial layer (intima) of the larger 
vessels. 
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This condition of things persists throughout life in many 
Fishes, and is at any rate passed through in the individual 
development of all Vertebrates. 

With the appearance of pulmonary respiration, important 
changes take place in the primitively simple heart, which finally 
result in the formation of a septum in both atrium and ventricle, 
and thus lead to the presence of two atria or auricles, and two 
ventricles : the conus arteriosus and sinus venosus become even- 
tually incorporated in the ventricles and right auricle respectively. 
Thus a right (venous) and a left (arterial) half can be distin- 
guished, and a new vessel, the pulmonary artery^ arises from 
the right ventricle ; this conveys venous blood to the lungs, while 
special vessels (pulmonary veins) return the oxygenated blood 
from the lungs to the left side of the heart, from wliich it passes 
into the general circulation of the body. 

Tlie gradually increasing complications which occnr in passing from the 
lower to the higher Vertebrates will be more easily understood after the 
condition of the circulation in the embryo has been considered. 



The Fcetal Circulation. 

In an early stage, the bulbus arteriosus (Fig. 215, B) is 
continued forwards towards the head by a long unpaired vessel 
(branchial artery), which gives oflF right and left a series of 
symmetrical transverse branches or arches {Ah), each of which 
i-uns between two consecutive gill-clefts {KL). After the first pair 
has given off branches to the head (carotids), they all unite 
above the clefts to form a longitudinal trunk on either side (/S, S'^). 
These branchial veins give rise further back to the right and 
left roots of the aorta {RA, RA), 

In all Vertebrates the aorta (A) is throughout life the most 
important artery of the body; it extends backwards along the 
ventral side of the vertebral axis as a large unpaired trunk, which 
gives off numerous branches, and forms the caudal artery in the 
tail (Acd). 

The vitelline or omphalo-mesenteric arteries (Fig. 215, 
Am, and Fig. 216, R.Of.A, Z.Of.A), which are very important 
up to a certain stage in development, arise from the aorta, and 
carry blood to the surface of the yolk, whence it is returned by 
means of the vitelline or omphalo-mesenteric veins (Fig. 216, 
B.Ofy L.Of), In embryos of Fishes these open into a subintes- 
tinal vein, lying on the ventral side of the alimentary tract, and 
opening into the heart : in the higher forms this vein is repre- 
sented by the caudal vein and the ductus venosus (Figs. 217 
and 218, D V) ; the latter passes through the liver on its way to the 
hf art, but disappears on the formation of the portal circulation. 
Before passing into the sinus venosus the blood becomes mixed -^ 
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with the venous blood of the ductus Cuvieri or precaval 
sinus (Figs. 215 to 218, Si, S.V, DO, B). 



Fig. 215.— Dtacbam of thb Embryonic VABCiri.AR System. 



4, A, dorsA] aorta ; RA, HA, right und left roots of the aorta, trhich arise rrom the 
branchial vessels, Ab, b; meana of the collectitij; trunks (branchial reins), S, S' ; 
c, c', the larotid^ ; Sb, eubclaviau urtery ; SL, gill-clefts ; Si, ainns venosuB ; 
A, atrium ; V, ventricle ; B, bulbus arteriosus ; Vm, vitelline veins ; Am, 
viteUine arteries ; Ic, Ic, common iliac arteries ; E, E, externni iliac arteries ; 



The ductus Cuvieri, which runs transversely, is formed on either 
side by the fusion of the anterior and posterior cardinal 
veins — two large vessels which bring back the blood from the 
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head, mesonephroa (see p. 296), and body-walla (Fig. 215, VC, HC 
and Fig. 216, S.Ca. V, V.Ca). 

The anterior eardiDal veins, wbich retuTD the blood from the head and 
anterior portion of the body persist, and give rise to the Jaige jugular veins 
of the adult (comp. Figs. 217 to 219) ; the posterior cardinals soon become 
, largely obliterateil, and are replaced by the azygoa and vertebral veins, 
and more especially by the postcaval (vena cava poaterior ». inferior) 
(see Figs. 217 to 219). For further details as to the venous circulation, ^.j. the 
portal system (which becomes esutblished in Fishes by the eubintestinal 
vein), the reader ia referred to Figs. 217 to 219. 



' THR ToLK-SaC at THB END OF 

B Chick. (After Balfour.) 
B, heart; AA, the second, third, and fourth aortio archea: the first has become 
obliterated in its median portion, but ia continued at its proximal end as tbe 
eitemal carotid, and at its distal end aa the internB] carotid ; Ao, dorsal aorta ; 
L.Qf.A, left vitelline artery ; R.Of.A, right vitelline artery ; S.T. aiuus termi- 
nalis i L. Of, left vitelline vein ; E. Of, right vitelline vein ; S. V, sinua venoaue ; 
D.C, ductus Cnviori ; S.Ca. V, anterior cardinal or jugular vein ; V.Ca, posterior 
cardinal vein. The veins are narked in outline, and the arteries are made 
black. The whole blastoderm has been removed from the egg, and is supposed 
t« be viewed from belov. Hence the left is seen on the right, and vice wra^ 

To return once more to the arterial system ; — We must consider 
nest the two branches of the dorsal aorta knovra as the allantoic 
artetieB (Fig. 215, All). Aa their name implies, these arteries 
branch out over the altantois, which arises as an outgrowth from 
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the posterior part of the primitive iutesUne in all Vertehrates but 
Fishes (comp. Fig. 9, p. 11), As the allantoia grows further and 
further outwards, it comes, in the Sauropsida, to lie against the 
internal surface of the egg-shell, and thanks to the porous nature 
of the latter, whi^h permits the air to pass through it, serves as an 
important respiratory organ. lu Mammals it serves in the emhryo 
boui for respiration and nutrition (comp. pp. 10 and 274). The 
furtlierdevelopmentoftheembryonic vessels may take place in one 
of three ways. 



JT, heart ; DC, ductus Cuvieri ; into the ductus CuTicri of either side falls J, the 
jugular vein ; Su. V, the anterior vertebtal ; W, the vein from the wing, and C, 
the posterior cardinal vein ; S. V, sinna Tenosoa ; Of, vitelline vein ; U, allantoie 
vein, whith at thia stage gives off branches to the body-walls; V.C.I, 

The embryo may either leave the egg, and take on an aquatic 
existence (Anamnia), making use of its branchial vessels as a 
gill-breather ; the entire allantois, in the case of the Amphi- 
bia, giving rise to the bladder. In the case of terrestrial animals 
(Amniota), which from the first breathe by means of lungs, 
a modification and reduction of the branchial vessels and allantois 
takes place, and the latter may even disappear entirely (certain 
Keptiles and all Birds) (comp. p. 308).' In the third case the 
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embryo uudergoes a longer intra- uterine existence, the allantois 
coming into close connection with the walla of the utema by means 
of its villi: the allantoic vessels extend into the wall of the uterus 
and come into more or less close relations with the tnaterual 
vessels, thus serving for the respiration and nutrition of the foetus. 



"A\ 



J i 



f -x- 



H, Iionrt; VS.R, right preeaval ; VS.L, left preeaval ; S.V, Biiiiu veuosus : the 
two precsviils are the ortgm&l "ductus Cuvieri " : they open into the sinus 
venosua ; J, jugular vein ; SU. F, anterior verUbral vein ; If, subclavian ; 
f.C.I, poBteaval ; SP, hepatic veins ; DV, duotos venosus ; PF, portal vein ; 
Jf, mesentenc vein ; Q/', vitelline vein ; U, allantoic vein. The three last- 
mentioned veins unito leather to form the portal vein. 

In this way arise a placenta and a placental clrcnlation (comp. 

pp, 10-12). The embryos of all Mammals except Monotremes 
and Marsupials reach this high stage of specialisation. 

The allantois then no longer has a simple sac-like form, but 
becomes solid. The part outside the body of the fcetus disappears 
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Fto, 319, A, B, C. — DiAOBAti or the Deyblopment of the Faikbs VENors 

Ststeu of Mauuals (Man). (From Gegeobaar.) 
A. — SU^ in which the cardinal reins bare already disappeared. Their posildou is 

indicated bj dotted linea. 
B.— Later stage, when the blood from the left jugular vein ia carried into the right 

to form the single precaval ; a remnant of tho left precaral however still 



Fro. 219, D.— DiAQKAM OF IBB Chief Venous Tetjkks of Man. 
( From Gegeu baor. ) 
(, precaval ; i, aubelavifin vein ; ji, internal jugular ; Je, eib^mal jugular ; az, 
: . azygoB vein ; ha, hemiazygos vein ; c, dotted line diowing previaoe position 
of cardinal veins ; ci, postcaval ; r, renal veins ; il, iliac ; hy, hypogastric veins ; 
A, hepatic veins. The dotted lines ahow the position of embryonic vessels 
aborted in the adult. 

iDtirely at birth, while the intra-abdominal remains of it give rise 
n part to a solid fibrous corj, the urachns, and in pMt to the 
^ T 2 
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definitive urinary bladder and urethra. Indications of tbe 
poiut of exit of the allantois and vitello-intestinal duct (umbilical 
cord) from the body-cavity can he seen in the adult at the navel, 
or umbilicus, which represents the last point at which the 
body-walls become united. 



Fio. 220.— Diagrammatic Sbotion thbouoh thb Homah Gravid Utkeus. 



U, ateras ; Th, Tb, Fallopian tubes ; US, nterine oarity ; Dv, decidua vera, nhid 
at Fii paasea into the uterine portion of the placenta ; Dr, decidua reflexa ; Pf, 
fixtal portion of the placenta (chorion frondoanm, Chf) ; Chi, chorion IsTe ; A, A, 
tie cavity of the amnion filled with fluid ; in the interior of the amnion is seen 
the emb^o Bnspsndod by the twisted umbilical cavd ; H, heart ; A, aorta ; 
cs, precaval ; ci, postcaval ; p, portal vein ; Al, allantoic (umbilical) arteries ; 
t, the liver, perforated by the umbilical vein; D, the remains of theyolk-BW- 
(umbilical ve^cle). 



The branchial vessels never become functional as such, in any 
period of development either in Mammalia or Sauropsida, but those 
which persist give rise to important vascular trunks of the neck, 
head fcarotids), upper extremity (subclavian), and lungs (pulmonary 
artery), and also to the roots of the aorta, one or both of which may 
remain (oomp. Fig. 221, A to D). 
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Fig. 221. — Diaoeam showing the Tkansformations of the Aoetic Arches — 
A, IN A Lizahd ; B, in a Snake ; C, in a Bird ; and D, in a Mammal. 
(After Rathke.) (Seen from below. ) 

A . — a, internal, and b, external carotid ; e, common carotid ; d, ductus Botalli between 
the third and fourth arches ; e, right aortic arch ; /, subclavian ; g, dorsal aorta ; 
h, left aortic arch ; i, pulmonary artery ; k, rudiment of the ductus Botalli 
between the pulmonaiy artery and the aorta. 

B. — a, internal, and h, external carotid ; c, common carotid ; d, right aortic arch ; 
«, vertebral artery ; /, left aortic arch ; h, pulmonary artery ; i, ductus Botalli 
of the latter. 

C. — a, internal, and b, external carotid ; e, common carotid ; d, base of the aorta ; e, 
fourth arch of the right side (root of the aorta) ; /, right subclavian ; g, dorsal 
aorta ; h, left subclavian (fourth arch of the left side) ; i, pulmonary artery ; k 
and I, right and left ductus Botalli of the pulmonary arteries. 

D. — a, internal, and 6, external carotid ; c, common carotid ; d, base of the aorta ; e, 
fourth arch of the left side (aortic root) ; /, dorsal aorta ; gf, left vertebral artery ; 
hf left subclavian ; i, right subclavian (fourth arch of the right side) ; k, right 
vertebral artery ; Z, continuation of the left subclavian ; m, pulmonary artery ; 



n, ductus Botalli of the latter. 



The Heart and its Vessels. 

Fishes. — While the heart of Amphioxus is not specially 
diflFerentiated, as it is in the Vertebrata, that of Fishes is well 
developed, and is situated in the anterior part of the body-cavity, 
close behind the head. It is always formed on the same type 
as that described on p. 269.^ In it may be distinguished a 



There is no truncus arteriosus in Cyclostomi. 
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Fio. 222.— Hkabts of Vabiouh Fishes— A, op the Hamuer-heades Shakk 
{ZygiBita mallaa) ; B, at Silunu glaais ; C, OF A Selachian, cut Opeh. 

In A and B, A, A, stria ; a, n (in A), anriciiliu' appendages ; V, ventricle ; Ba, bulbus 
arteriosus ; ir, ventral ooTta. 

In C, IE, a, indicate the Btrio.ventricaUr valves, aud h, the valves in the couus 
arterioans {Ca) ; A, tttrinm ; V, ventricle. 

ventricle (Fig. 222, V) and an atrium {A), the latter receiving 
its blood from a sinus venosns, and being laterally expanded 
to form the appendices auriculae (.4, a, a). 



,i 
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In correspondence with the different function which each 
portion has to perform, the walls of the atrium are thin, while 
those of the ventricle are much stronger, its muscles giving rise 
in the interior to a network and also usually to a series of 
large trabeculse; this holds good throughout the Vertebrata 
(Fig. 222, C, A), 

Between the ventricle and atrium, at the margins of the atrio- 
ventricular aperture, membranous valves are present ; of these 
there are usually two, but this number may be increased to as 
many as six (Fig. 222, C, a, a). Numerous valves, arranged in rows, 
are present in the muscular truncus or conus arteriosus 
(Fig. 222, C, Ca, b) ; these are most numerous in Elasmobranchs and 
Ganoids. There is a tendency however for the posterior ones, or 
those which lie towards the ventricle, gradually to undergo reduc- 
tion. The most anterior row always persists, and corresponds to 
the single row of valves between the ventricle and bulbus in 
Teleostei. Together with the reduction of these valves, the conus 
arteriosus of Teleosteans also becomes reduced, so that the non- 
contractile bulbus arteriosus usually i lies close against the 
ventricle (Fig. 222, B, Ba). 




Fig. 223. — Diagram of the Arteeial System of Fishes. 

ff, heart ; c, c^, anterior and posterior cardinal veins ; a, branchial arteries ; i2, 
capillaries of the branchial vessels ; b, branchial veins ; ce, circulus cephalicus ; 
ca, carotids ; JRA, root of the aorta ; A, dorsal aorta ; JS, artery to viscera 
(coeliaco-mesenteric) ; N, renal arteries. 

The heart of Fishes contains venous blood only, which it forces 
through the branchial arteries (Fig. 223, a) into the capillaries 
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of the gills (S), where it becomes oxygenated, to pass thence 
into the branchial veins (Fig. 223, b). The manner in which 
the aortic roots become formed from the latter has already been 

described. 

Dipnoi. — In the Dipnoi, as in Fishes proper, the heart lies far 
forwards, near the head. In correspondence with the double mode 
of respiration, by lungs as well aa by gills, it reaches a stage of 
development mid-way between that seen in Fishes and in Amphi- 
bians. The atrium becomes divided into two chambers by a septum, 
as does also the ventricle to some extent. The conus ai'teriosus is 



Fig. 22*.— DiAOBAM of the Heart and Branchiai. Vbssels of Cebatodhs. 
(Munly after J. E. V. Boas.) 

K, ventrids ; A, A', atria ; Co, codus arteriosus ; Ca and Cp, aoterior and posterior 
cardinal veins ; Z>(7, dnctna Cuvieri ; I to IV, branchial atteries .IXoi, branchial 
veins ; Ca, carotid ; Ap, pulmonary artery \ RE, capillaries of lang ; Vp, pol- 
monai; vein ; RA, roots of the aotta, beginning at t ; Ao, doraal aorta. 

twisted spirally on itself (Fig, 224, Co) : in Ceratodus it is pro- 
vided with eight transverse rows of valves, and begins to be divided 
into two chambers. In Protopterus this division is complete, so 
that two currents of blood, an arterial and a venous, pass out 
from the heart side by side (Fig, 225, a, h). The former comes 
from the pulmouary vein, from which it passes into the left 
atrium, thence into the left ventricle, and so to the two anterior 
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branchial arteries (Fig. 225, /, II). The veaous current, on the 
other hand, passes from the right ventricle into the third and fourth 
branchial arteries and thence to the corresponding gills, where it 
becomes purified ; it reaches the aortic archea by means of the 
branchial veins {III, IV, 3, 4^, BA). The pulmonary artery 
{Ap) arises from the fourth branchial vein, so that the blood is thus 



Fio. 225.— DiAORAH ov the Braschi.vl CiROtrLATio(r op PttOTOiTKBva. 
Co, conus arteriosus, which consists of two divisions, a and h : through b pure orterinl 
blood passes to the two anterior branchial ttrteries (/ and II) ; through a 
Tcnous blood passes to the two posterior branchial arteries (III and IV) ; 3 and 
4 indicate the branchial veins and capillarias of tha gills ; Ap, the piumonais 
artery, present onl; on the left side (!) ; BA, arch of the aorta ; Ao, aorta ; 
Ca, carotid. 

once more purified before it passes by means of the pulmonary 
vein into the left ventricle. In Ceratodus the luug is supplied 
with blood from the coehac artery, and owing to the fact that the 
longitudinal valve of the couus is incomplete, the blood passing to 
the two anterior branchial arteries is of a mixed nature (comp. 
Fig. 224, /,//). 

Amphibia. — With the exception of the Gymnophiona, in 
which it is situated some distance back, the heart in all Amphi- 
bians lies far forwards, below the anterior vertebrse. As in the 
Dipnoi, there is a more or less complete septum atriorum (that 
is, the septum is either entire or fenestrated). There are always 
two fibrous pocket-like atrio-ventricular vidves, which are con- 
nected with the walls of the ventricle by cords. 

The cavity of the ventricle is unpaired, and neither in TJrodela 
nor Anura shows any trace of a septum, so that the blood passing 
out from it must have a mixed character (Fig. 226). The 
ventricle is usually of a short and compressed form, but is more 
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elongated io Amphiuma, Proteus, and theOymnophioDa. It 
IB continued anteriorly into a conus arteriosus, as in Elasmo- 
branchs. Ganoids, and Dipnoans; this has usually a slight 
spiral twist, and possesses a transverse row of valves at either end, 
as well as a spiral fold extending into its lumen.^ This holds good 
for the Axolotl, Amblystoma, Salamandra, Amphiuma, 
and Siren. Id others (e.g. Menobranchus, Proteus, Gymno- 
phiona), retrogression is seen in a lengthening of the conus, the 
disappearance of the spiral fold, and the presence of only a single 
row of valves. 

In Anura, the fold lying within the conus extends so far 
back that no undivided portion of the cavity is left. The conse- 
quence of this is that the blood in one section of the branchial 



JTlU. 226. — DlASKAU SHOWINO THE C0UR9E OF TUB BLOOD THROUOH THE HEART 

IN Urodcla (A) akd Amira (B). 
ji, right atrium ; A', laft atrium ; V, ventricle ; It, eonUH arteriosus, divided in 
Anura (B) into two portions, tr, (r' ; through ir venous blood passes into the 
pulmonary arteries, Ap', Ap', while through tr^ mixed blood goes to the carotids, 
ci — ce, and to the roots of the aorta, ItA ; tr, tv, pulmonary veins ; f, v, 
pre- and postcavals (only one precaval is indicated] opening into the right 

vessels — that from which the pulmonaiy artery arises — is mainly 
venous, while the others contain mixed blood (Fig. 226, B) ; for, 
owing to the spongy nature of the ventricle, there is no time for 
its contained blood to get thoroughly mixed before it is forced into 
the conus. 

As in the Dipnoi, four branchial arteries arise on either aide 
from the short conus in the Amphibia, which — taking as a good 
type the larva of Salamandra — have the following relations. 

The three anterior branchial arteries pass to numerous external 
gill-tufts, where they break up into capillaries (Fig. 227, 1, S, S). 
From the latter three branchial veins (/to III) arise, which puss to 
,^e dorsal side, and there unite on either side to form the aortic roots. 
The fourth branchial artery, which is smaller than the others {4)i 
does not pass to a gill, hut to the pulmonary artery, which arises 

' This spiral fold is to be looked upon aa derived from a series of fased valves. 
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from the third bmnchial vein (Fig. 227, 4, -4p)' "^^ puhnonary 
artery therefore contains far more arterial than venous blood, and 
thus the lungs of the Salamander larva, like the air-bladder of 
Fishes, can have no important respiratory function. 

The internal carotid (ci) arises from the first branchial vein, 
towards the middle line, the external carotid (ce) coming off 
further outwards. 

The latter, as it passes forwards, becomes connected with the first 
branchial arch (1) by net-like anastomoses (t), and these give rise 
lat«r to the so-called carotid gland^ of the adult, which functions 
as an accessory heart. Direct connections exist between the second 
and third branchial arteries and the corresponding veins (see Fig. 
227, a. a). 



5' 



Fig. 227.— The Ahteeial Arches of the Lakva of a Sai.AMANDEK. (Sliglitly 
diagrammatic.) (After J. E. V. Boas.) 

Ir, conus nrteriosus ; 1 to 3, tlie three branchial arterira ; / to III, the correspomlinR 
lirnncbial veins; 4, the fourth arterial arch, which. becomes connected with the 
pulmouary artery {Jp) ; a, a, direct anastomosea between the second and third 
iiranchial arteries and branchial veins ; <m, external carotid ; H, internal carotid ; 
t, net-liita anastomoses between the exleninl carotid and the first branchial 
artery, which give rise later to the carotid filand ; BA, aortic roots ] Ao, dorsal 
aorta. The arrows show the course which the blood takes. 

Towards the end of the larval period, the second branchial vein 
increases considerably in relative size, and the fourth arterial arch 
also becomes larger. By a reduction of the anastomosis with the 
third branchial vein, the fourth arterial arch furnishes the main 
amount of Mood for the pulmonary artery, and the latter thus 
contains far more arterial than venous blood. When branchial 
respiration ceases, the anastomoses between the branchial arteries 
and veins no longer consist of capillaries, but a direct connection 
between them becomes established (Fig. 228, 2, S, 4). Finally, the 
connection between the first and second branchial arches disappears, 
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the former giving rise to the carotids and the latter forming the 
large aortic root (Fig. 228, ce, ci, BA) ; an anastomosis remains 
throughout life, however, between the fourth arch, which forms 
the pulmonary artery, and the second and third (Fig. 228). This 
is the ductus BotaUi. 

The third arch varies greatly in its development ; it may be 
present on one side only, or even may be entirely wanting. 




Fig. 228. — Arterial Arches of an Adult Salamandra maculosa, shown spread 

OUT. (After J. E. V. Boas.) 

CO, tr, conns (tmncns) arteriosns ; lto4i the fonr arterial arches ; ee, external caro- 
tid ; cdf carotid gland ; ct, internal carotid ; the fonrth arterial arch, which 
gives rise to the pulmonaiy artery (Ap\ has increased considerably in size rela- 
• tively, and is only connected by a delicate ductus Botalli (t) with the second and 
third arches ; RAy root of the aorta ; ce, oesophageal vessels. 

,In the larvae of Annra there are also four branchial arteries 
present on either side, but these are connected with the correspond- 
ing veins by capillaries only, there being no direct anastomoses 
(compare Fig. 227, a, a). The consequence of this is that all the 
blood becomes oxygenated. 

In the adult Frog the third arterial arch becofaes entirely 
obliterated, and the first is completely separated from the second. 
In other points the arrangement is similar to that seen in the 
Salamander. 



I. — As in all Amniota, the heart of Reptiles arises far 
forwards in the neighbourhood of the gill-clefts, but on the forma- 
tion of a neck it comes to lie much further back than is the case in 
the Anamnia.^ The vagus nerve, which supplies the heart, is 
thus correspondingly elongated, and the carotid arteries and jugular 
veins also become increased in length. 

The principal advance in structure as compared with the 

^ It lies furthest forwards in most Lizai'ds and in Chelonians, while in Amphis- 
bsenians, Snakes, and Crocodiles it is situated much further back. 



THE HEART AND ITS VESSEIS. 285 

Ampliibian heart is seeD ia the appearaace of a veatricular 
septum, nvhich may be incomplete, as in Lizards, Snakes, and 
Chelonians, or complete, as in Crocodiles.^ 

A right and left aortic root or arch (Fig. 229, C, t and *) 
are always present, and unite to form the dorsal aorta. Each 



Fic. 229.— A, Heakt of Laeerta lauralU, and B, 

OF A LARQB Viiraniia, hhown out opek ; C, 

Diagram of tiik Reptilian Heart. 

V, K', ventrioleB ; A, A', atria ; tr, Trca, inngmi- 

Dat« trunk ; 1, S, first and second arCerinl arch ; 

Ap, Ap^, pulmonary artery ; Vp, pulmonwy 

vein ; t and *, right and left sortie arch ; HA, 

root of aorta ; Aa, dorsal aorta ; Ca, Ca\ carotids ; Aae, As, subclavian arteries ; J, 

jugular vein ; Va, Bnbclavian vtiin ; Ci, postcaval. Theao three veins op«n into the 

einna venoaus, ichich lies on the dorsal side of the heart, above the point indicated 

by the letter S. In the diagram C the pre- and poateavala are indicated by Vc, 

Vc, only one pracavol being represented. 

aortic root may be made up at its origin of two arches, anas- 
tomosing with one another (Laeerta) (Fig. 229, A, 1, S), or of one 
only (certain Lizards, Snakes, Chelonians, and Crocodiles) 
(Fig. 229, B,BA,SA). The most posterior arterial arch gives 
rise to the pulmonary artery (_Ap) (corap. also Fig. 221, A, B). 



' A small aperture of commuQication between the ventricles, the foramen 
PaniziB,Biista in Crocodiles. Near it, between the origin of the left aorta and the 
polmonarr artery, there is a amnll cartilage, as in Chelonians. 
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The blood from the right ventricle passes into the latter as well 
as into the left aortic arch, and, according as the septum ventricu- 
lonim is complete or incomplete, is either entirely venous (Croco- 
diles') or mixed (other Reptiles, Fig. 229, C). 

The valves of the heart have undergone a considerable 
reduction in Reptiles : at the origin both of the aorta and of the 
pulmonary artery there is only a single row ; this is also the case 
in all other Amniota. 

Birds and MammalB. — In these, the atrial and ventricular 
septa are always complete, and there is no loiter any mixture of 
the arterial and venous blood. The ventricles are much larger than 



Fig. 230a.— Hbart of the Swan, with the Biout Venthille cut opek. 
'ic, ventral wall of right ventricle tnmed on one side, thua putting tin; atrio-ven- 
trioulftr valve — wnioh arises by two inuaoular folds, a aiid 6— on tlie stretch ; 
t, point of insertion of these folds on the ventral wall of the ventriule : above c 
is the a trio- ventricular aperture ; S, septum ventrieulorum j *, *, *, the three 
semilunar valves of the pulmonary artery ; V, left ventricle. 



FlO. 230b.— TR AN B VERSE 8EC110K THROUGH THE RiOHT (yd) AND LEFT ( f'-j) 

Ventricle of Orutcinerea. 
S, septum ventrioulomm. 

the atria, and their muscular walls are strongly developed and very 
compact. This is particularly the case in the left ventricle, on the 
inner wall of which the papillary muscles are well developed : 
the left ventricle is partially surrounded by the right, the cavity 
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of the latter having a semilunar transverse section, and its walls 
being much thinner than those of the other (Fig. 230b, Vd, Vg). 

In both Mammals and Birds the blood from the head and 
body passes by means of the precavals and postcaval into the right 
atrium, as does also that from the walls of the heart through the 
coronary vein: the right atrium is separated from the right 
ventricle by means of a well-developed valve. In Birds, the latter 
(Fig. 230a, a, ft, c, t) is very large and entirely muscular, while in 
most Mammals it consists of three membranous lappets (tricuspid 
valve), to which are attached tendinous cords (chordaB ten- 
dinese), arising from muscular processes (ra us culi papillares) 
of the walls of the heart. 

In both Birds and Mammals the left atrio-ventricular aperture 
is provided with a valve consisting of two membranous folds, called 
the bicuspid or mitral valve: three semilunar pocket-like 
valves are also present at the origins of both pulmonary artery 
and aorta (Fig. 230a, *, *, *). 

As regards the origin of the great vessels, Birds are distinguished 
from Mammals by the fact that in them the right (fourth) arterial 
arch .persists, while in Mammals the left remains as the aortic 
arch ; the corresponding arch of the other side in both cases gives 
rise to part of the subclavian artery. Thus in both Birds 
and Mammals there is only a single aortic arch. As in 
Amphibians, the posterior arterial arch gives rise in both cases 
to the pulmonary artery (comp. Fig. 221, C, D). 

Amongst the more important points in the development of the 
heart may be mentioned the fact that at first the two atria freely 
communicate with one another by means of the foramen ovale, 
through which the blood from the postcaval passes into the left 
ventricle. 




D 
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Fig. 231. — Five Different Modes of Origin of the Great Vessels from 

I'HE Arch of the Aorta in Mammals. 

AOf aortic arch ; tb, brachiocephalic trunk ; c, carotids ; s, subclavians. 

Great variations are seen in the mode of origin of the carotids 
and subclavians from the arch of the aorta in Mammals. Thus 
there may be a brachiocephalic trunk on either side (Fig. 
231, A), or an unpaired common brachiocephalic, from which 
the carotid and subclavian of one or both sides arise (B, C, E), or, 
finally, a common trunk of origin for the carotids, the subclavians 
arising independently on either side of it (D). 
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Arterial System. 

It Las already been mentioned that in all Vertebrates there 
is a large sub-vertebral vessel running in the longitudinal axis 
of the body, called the aorta (Figs. 215 and 223, -4), and that 
this is formed by the union of the branchial vessels. From the 
latter are also formed the carotids, which go to the head and 
neck: of these, the internal carotid passes mainly into the 
cranial cavity, and supplies the brain with blood, while the ex- 
ternal carotid goes to the external parts of the head (face, 
tongue, and muscles of mastication). 

The origin of the subclavian artery, which supplies the 
anterior extremity, is very inconstant, being sometimes symme- 
trical, sometimes asymmetrical. It arises either in the region 
of the branchial vessels, or from the roots or main trunk of the 
aorta (Fig. 215, Sb, and Figs. 232 and 233, Sc). Extending 
outwards towards the free extremity, the subclavian passes into 
the axillary artery, and, on reaching the upper arm, becomes 
the brachial artery. This finally divides into two branches 
for the fore-arm — the radial and ulnar arteries; in the hand 
these give rise respectively to the deep and superficial palmar 
arches, as well as to the digital arteries. 

In the doi'sal aorta a thoracic and an abdominal portion 
can be distinguished, and from them arise intercostal, lumbar, 
and intestinal arteries, supplying the body-walls as well as 
the thoracic and abdominal viscera. The intestinal arteries may 
again be divided into two principal groups, namely, those which 
supply the intestinal tract with its appendages (liver and pancreas) 
and the spleen, and those which go to the urinogenital organs. 
The branches of all these vary greatly both in number and 
relative size ; thus, for instance, there is sometimes a single 
coeliaco-mesenteric artery (Fig. 232, Cm), sometimes a 
separate coehac, and one or more mesenteric arteries. The renal 
and genital arteries also vary in number and arrangement. 

The abdominal aorta is continued posteriorly into the caudal 
aorta, which usually lies within a canal formed by the ven- 
tral arches of the vertebrae (Fig. 232, Aoc, and Fig. 233, C) ; 
the degree of its development naturally corresponds to the size of 
the tail. In cases where the latter is rudimentary, as in Anthro- 
poids and Man for instance, the caudal aorta is spoken of as the 
median sacral artery, and the aorta here appears to be directly 
continued, not by it, but by the common iliac arteries, which 
pass outwards into the pelvic region (Fig. 232, lie). 

Each common iliac artery becomes divided into an internal 
iliac, or hypog^astric, supplying the viscera of the pelvis, which 
is derived from the embryonic allantoic artery, and an exter- 
nal iliac which is continued into the crural, and supplies the 
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Fro. 232. — The Auteriai, System of Salamandra maculosa. 
its of the ^rta ; Ao, Ao, dorsal aoita ; Sc, subcUviaa artery, from irliich the 
lueous artery (l-"!!) arises : the latter anastomnaes posteriorly with the epigastric 
artery E; Ov, ovarian atteries ; Om, cieliaoo-inesetiterio ; H, hepatic artery ; /, I, I, 
integtiiutl arteriea passing to the Bmall iatestine ; M, M, rectal (hiemorxhaidal) 
arteries ; R, S, Teaal arteries ; lie, commoD iliac ; Cr, crural artery ; Htf, hypo- 
gastric artery ; A, A, vesical (allantoic) arteries ; Aoe, cauilat aorta ; P, phaiynx 
aud (Bsophagns; m, stomach ; p, pancreas; I, liver; d, d, small ii ' ■" - 
ractam ; SI, urinary bladder ; Ul, cloaca. 
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—Tub Abtbrial Stbtem of Emyt europaa. 



r, tntchea ; Br, Br, the two bronchi : m, stomach ; d, d, Binall intestine ; e, Inrge 
inteetinc ; Ap, pulmonary artery ; Cae, common carotids ; Tr, Oe, tracheal 
and resophageal branchse ; Sc, subclavian arterT ; Vcr, vertebral artery; RA, 
roots of the aorta ; Ao, dorsal aorta ; Co, Co', ani Mr., cteliaoo -mesenteric artery, 
which here arises as a bundle of separate vessels ; UG, urinogenital arteries ; CV, 
crural artery ; E, epigastric artery ; H, hypogastric atteiT ; Is, sciatic artery ; 
MB, reoUl arteries ; C, caudal aortn. 
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hinder extremity (Fig. 232, iZc, J5y, Cr), In som^ cassTthe internal 
and external iliacs come oflf separately from the aorta. The 
function of the external iliac may be largely taken by a sciatic 
artery arising separately from the aorta or iliac artery in the 
pelvic region (Birds, and to a less extent in Eeptiles) (comp. 
Fig. 233, Is). 

The main vessels branch out in the limb in a manner 
essentially similar to that already described for the anterior 
extremity. 



Venous System 

The numerous phases of development through which the 
venous system passes are very instructive. 

The cardinal veins,^ which open into the ductus Cuvieii, have 
been already described, and it is only necessary to add that in 
Fishes there is a renal-portal system interposed between the 
posterior cardinals and the caudal vein, the latter dividing up into 
capillaries in the kidney. The vessels returning the venous blood 
from the alimentary canal, the pancreas, and the spleen, also 
divide up into capillaries in the liver (hepatic portal system). 
The blood passes out from the latter by the hepatic veins into the 
postcaval, whence it is conducted into the right auricle.^ 

From the Amphibia onwards the postcaval becomes of in- 
creasing importance ; it receives the blood from the kidneys and 
generative organs, as well as that from the posterior extremities, 
pelvis, and body-walls. The posterior cardinals decrease propor- 
tionately, and become to a certain extent lost. 

The unpaired anterior abdominal (allantoic) vein plays 
a great part in Reptiles and Amphibians : it arises mainly from 
the crural vein of either side, and to a lesser degree also from 
the veins of the urinary bladder ; it then passes along the ventral 
body-walls to the liver, where it anastomoses with the portal 
system, a small branch sometimes (e.g. Frog) going to the heart. 
In Birds and Mammals the allantoic vein has an important function 
in the embryo, but becomes obliterated on the atrophy of tlie 
allantois at the close of foetal life : it seems, however, to be retained 
throughout life in Echidna (Beddard). 

From Birds onwards a renal-portal system no longer appears ; 
but a hepatic portal system persists in all the higher Vertebrates. 

^ It is interestiDg to note the almost lacnnar condition of the veins in many 
Elasmobranchs : the two posterior cardinals, for instance, unite in the middle of 
the body-cavity to form a large sinus, with which others bringing back the blood 
from the generative organs are connected. 

^ In the Skate a large lateral vein lies along the outer side of the body-cavity 
on either side, and receives the blood from the pectoral fins, abdominal walls, and 
iliac region. A similar vein has been found in embryos of other Elasmobranchs 
(e.g, Scymnus, Acanthias, Mustelus), and it seems highly probable that it corresponds 
to the vein of the primitive lateral fiu-folds (T. J. Parker) (comp. pp. 85 and 86;, 

u 2 
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The two anterior cardinal veins give rise to the right and 
left precavals and to the jugular veins. In Monotremes and 
Marsupials, as well as in many Rodents and Insectivores, both 
precavals persist throughout life ; but in other Mammals the main 
part of the left disappears, all the blood from the head and anterior 
extremities passing into the right : this explains how it is that 
the left azygos gives up its connection with the left precaval and 
unites by means of transverse anastomoses with the right precaval. 

Most of the veins are provided with valves, which are 
adapted to prevent the reflux of the blood : they have the form 
of semilunar folds of the internal coat, and each is usually made 
up of two folds, placed opposite to one another. 



Retia Mirabilia. 

By this term is understood the sudden breaking-up of a Venous 
or arterial vessel into a cluster of fine branches, which, by anasto- 
mosing with one another, give rise to a capillary network ; the 
elements of this network may again unite to form a single vessel. 
The earlier condition maybe described as a unipolar, the later as 
a bipolar rete mirabile. If it is made up of arteries or of veins 
only, it is called a rete mirabile simplex; if of a combination 
of both kinds of vessels, it is a rete mirabile duplex. 

The retia mirabilia serve to retard the flow of blood, and thus 
cause a change in the conditions of diflfusion. They are extremely 
numerous throughout the Vertebrate series, and are found in the 
most varied regions of the body, as, for instance, in the kidneys 
(glomeruli), — where their above-mentioned function is most clearly 
seen; — on the ophthalmic branches of the internal carotid; on 
the pseudobranchia of Fishes; along the intercostal arteries of 
Cetacea ; on the mesentery of Man ; on the portal vein ; on the 
vessels of the air-bladder of' Fishes ; and along the caudal portion 
of the vertebral column in Lizards and Blindworms. In the last- 
mentioned case they are relatively very large, and probably have 
to do with the power these animals have of reproducing the tail 
when it is lost (comp. p. 43). A well-developed bipolar rete 
mirabile may also be seen on the dorsal wall of the pharynx in 
the Frog. 



Lymphatic System. 

In the Anamnia and Reptilia the lymphatic vessels 
occur mainly alongside the great blood-vessels, as well as on the 
bulbus arteriosus and ventricle, and lie in the connective-tissue 
surrounding these structures. Numerous independent lymphatic 
vessels are also found in Fishes, arising from a capillary network 
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under the skin, and extending into the intermuscular septa 
and the bases of the fins. The intestinal tract and the viscera 
generally, of Sharks and Skates, are e'specially well provided with 
lymphatic vessels. Elasmobranchs, moreover, possess a large 
number of small lymph-hearts communicating with delicate 
venous networks. Lymph-hearts are also to be met with in 
Amphibians,^ Reptiles, and Birds, but are fewer in number in the 
two last-mentioned groups than in the first ; they are either con- 
fined to the posterior end of the body (pelvic region), or, as in 
the Frog, are present also between the transverse processes of the 
third and fourth vertebrae. Their walls ai-e capable of rhythmical 
contraction, owing to the presence of muscular fibres. Similar 
structures are not known to be present in Mammals. 

Large lacunar lymph-sinuses are present under the skin of 
tailless Amphibia, and the skin is thus only loosely attached to 
the underlying muscles. These subcutaneous lymph-sinuses are 
connected with those of the peritoneal cavity. Amongst the latter 
the subvertebral lymph-sinus is of great importance in 
Fishes and Amphibia: it surrounds the aorta and is connected 
with the (mesenteric) sinus lying amongst the viscera, into which 
the lymphatic vessels of the intestine open. In Fishes there is also 
a large longitudinal lymphatic trunk lying within the spinal canal. 

The higher we get. in the animal series the more commonly are 
lymphatic trunks with independent walls to be met with; 
thus from Birds onwards a large longitudinal subvertebral trunk 
(the thoracic duct) is always present. In Mammals this arises 
in the lumbar region, where it is usually dilated to form the 
cisterna or receptaculum chyli; it receives the lymph from 
the posterior extremities, the pelvis, and the urinogenital organs, 
as well as the lacteals or lymphatics of the intestines. In 
Mammals it opens anteriorly into the left, and in Sauropsida into 
both left and right brachiocephalic veins. The lymphatics of the 
head, neck, and anterior extremities open into the same veins. 

The lymphatic vessels of Birds and Mammals are, like the 
veins, provided with valves, the arrangement of which allows the 
lymph- stream to pass in one direction only, and that a forward 
one. 

The lymph, like the blood, consists of two elements, a fluid 
(plasma) and cells (lymph-corpuscles, leucocytes). The latter 
have been already mentioned and their important physiological 
**" function indicated in the chapter on the alimentary canal. We 
have seen that they migrate from the solitary follicles and Peyer's 
patches through the mucosa into the lumen of the gut ; and the 
same thing occurs with the leucocytes of the so-called tonsils. 
These appear to be present only in Mammals, and have the form 

^ In Salamandra maculosa and Siredon pisciformis, eight to twelve lymph-hcaits 
are present under the skin along the sides of the body and tail, at the junction of the 
dorsal and ventral body-mnsclcs. 
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of a paired organ lying on either side of the fauces, that is, in the 
region where the mouth passes into the pharynx : they consist of 
a retiform (adenoid) connective-tissue ground-substance enclosing 
a number of lymph-corpuscles, which are arranged in so-called 
follicles. 

Lymphoid tissue plays a very important part in the body-cavity 
of Fishes and Amphibia. Apart from the alimentary canal, it is 
present in considerable quantity in the region of the urinary and 
genital glands, which are often regularly embedded in it {e.g. Dipnoi). 
The mass of lymphoid tissue on the heart of the Sturgeon, and 
possibly also the so-called "fat-bodies" of Amphibia and Rep- 
tilia, and the "hibernating gland " of certain Rodents, may be 
placed in this category. 

The agglomeration of a number of these follicles gives rise to 
those structures which are spoken of as '' Isrmphatic glands.'' 
These are always interposed along the course of a lymphatic 
trunk so that an aflFerent and efferent vessel to each can be dis- 
tinguished. They probably appear first in Birds, and are most 
numerous in Mammals, where they are present in abundance in 
various regions of the body ; they differ greatly in size. 

The spleeHi which is present in almost all Vertebrates, is 
closely related to these structures. It usually lies near the 
stomach, though it is occasionally met with in other regions of 
the intestinal tract, as, for instance, at the commencement of the 
rectum (Anura, Chelonia). In some cases {e.g. Sharks) it is broken 
up into a number of smaller constituents. 

Both the lymphatic glands and the spleen have to do with the 
formation of lymph-cells, but their complete physiological function 
is as yet by no means clear. . 
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I. URINOGEMITAL ORGANS. 

The urinogenital organs of all Vertebrates arise in the region 
of the dorsal body-wall, right and left of the middle line. 

The first part to be developed is an unsegmented and paired 
duct, which arises from the somatic mesoblast, and runs parallel 
to the long axis of the body. This duct opens anteriorly into 
the body-cavity by means of one or more ciliated funnel-shaped 
apertures, which communicate with it by means of convoluted 
tubes. The latter constitute the pronephros or head-kidney; 
they are formed as outgrowths of the tube itself, which opens 
posteriorly into the cloaca, and which is known as the segmental 
or pronephric duct. 

The pronephros, as far as is known, is always present in types 
with a larval development (i,e, all Fishes except Eksmobranchs, and 
Amphibians), but it is usually only transitory. In other types 
(Elasmobranchii and Amniota) it is practically absent, or at any rate 
never has any physiological function.^ The segmental duct, how- 
ever, persists, and serves to carry oflf the products of excretion from 
a second series of glandular segmental tubules, which appear later, 
and constitute the mesonephros or Wolffian body. This 
also consists of a series of segmentally- arranged ciliated tubules 
or nephridia, lying transversely to the longitudinal axis of the 
body, which arise as buds from the peritoneal epithelium, 

^ Mikalovics has lately shown that the primitive excretory organ in the emhryos 
of the Lizard, Duck, and Fowl consists of two parts, an anterior and a posterior. The 
former consists of a number of vesicles, the cavities of which in a certain stage of 
development communicate on one hand, by means of funnels, with the coelome, and 
on the other with the cavities of the mesoblastic somites. The posterior portion of 
the organ arises as a seiies of primitively solid structures in the mesoblastic tissue, 
which do not communicate eitner with the coelome or with the cavities of the somites. 
The segmental duct arises on the outer and dorsal side of this apparatus, all the 
constituent parts of which give rise later to hollow tubules, which come to open into 
the segmenta.1 duct, and in each of which a glomerulus is formed. Mikalovics con- 
siders that the anterior part of the organ corresponds to the pronephros of the 
Anamnia, and the hinder part to the mesonephros. Sedgwick has also found traces 
of a pronephros in chick embryos. We may hope for confirmation of these views in 
further researches. 
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and only 'secondarily communicate with the segmental 
duct (Fig. 234a to c, and Fig. 235). 

Each pronephric and mesonephric tubule is made up of the 
following portions (see Fig. 234a) : — (1) a funnel-shaped ciliated 
aperture, communicating with the body-cavity (peritoneal flinnely 
nephrostome. Fig. 234a, ST) ; (2) a rounded mass of capillaries 



J^SJ?S^f 



ST 




Fio. 234a. — Diagram of the (Secondary) Connection of the Mesonephric 

Tubules with the Segmental Duct (SO). 

The two anterior tubules are already connected with the duct, while the two posterior 
have not yet reached so far. 

JSTf nephrostome ; M^ glomerulus ; DS, coiled glandular tubule ; ES, terminal 
portion of latter. 




Fig. 234b.— Horizontal Section through an Embryo of LaceHa aailis 

(After M. Bi-aun.) ' ^ 

Pep, peritoneal epithelium ; SgM, segmental vesicles ; Uw, mesoblastic somites. 



(glomerulus) (M\ arising from the renal artery, which, lies within 
an expanded portion of the tubule— the Malpighian capsule,- 
the outer wall of which is pushed in to receive it ; (3) a coiled 
glandular tubule (DS); and (4) a terminal portion (US), 
connectmg the latter with the segmental duct (SG). rComn' 
also Fig. 235.) ^ J y. F- 
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Thus the primitive urinary system, besides its main function of 
excreting waste products by means of the epithelial cells, serves 
also to conduct the peritoneal fluid from the body. 

This secondary urinary system, or mesonephros, is of greatest 
importance in the Auamnia : in most Fishes it serves exclusively 
as a urinary organ, but in others (moat Elasmobranchs) it also 
takes on certam relations to the generative apparatus, giving 
rise to the parorcbla, parorarium, and tu other more or less 



Fig. 234c. — The Entire Eucuetory System ov tub Embbyo of Uylodci 
maHiiiieemU (3 millimetTes long). (After E. Selenko. ) 
A, urinary bladder ; c, stalk of the latter which communicateB with th nt t 
81, glotnevulus of the pronephros ; P, peritoneal epithelium ; f S h ped n 
Tolutions of the Begmentnl dnot ; Vg, segmental duct \ W, il t d gi n f 
the peritoneal epithelium : zz, urinogsnital cord (format! gi n of th 

raesoaephric veaieles ; 1, S, 3, the three cffical processes of the right ami 
left prouephroB, with their branches ; a, a, apertures of the prnuophiic 
ductfi into the bladder ; u, rudiments of the anterior urinary tubules, in the fomi 
of solid cords ; «' to n', urinary tubules ; r, r, apertures of the urinary tubules 
into the segmental duct (fg', Vg'), which thus becomes the duct of the 
mesonephros. 



rudimentary organs of secondary importance. Nevertheless, it 
may remain as the permanent urinary organ (Elasmobranchs, 
Amphibians'), or may entirely disappear as such (Araniota) ; in the 
latter case, a third series of tubules are formed, giving rise to the 

' The glands formed by the posterior urinary tubules in Elasmobranchs anil 
Urodeles which give rise to the functional excretory organa, and which may be 
provided with speciaJ ureters, are considered by Balfour to tw the equivalents of the 
kidneys prop*r (metanephros) of Amniota (comp. Fig. 238), 
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kidoey proper (metanephros '), together with its special duct, 
the ureter.^ 

The generative cells, that is, the ova and seminal cells, 
have a similar origin throughout Vertebrates. They become dif- 
ferentiated from the peritoneal epithelium. v.This germinal 
epithelium ariaea on the dorsal side of the body-cavity, on either 



Flli. 235. — DUOKAMUATIC TBAHSVERSE SECIIOHtt OF THE BODY OF A LUU'KIl 

Vertebrai'b, to show the Belatiohb of the Sbcmbhtal Organs. (After 
Henscn.) The right ude of the figure represents a later atsge than the left 
m, spiiul cord ; iS^, Ranelion of a spinal nerve ; MP, muscle-plate ; D, wall of intes- 
tine ; Oh, notochord ; WG, Wolffian duct ; A, aorta ; K, germinal epithelium ; 
above K on the left siitc Is seen the peritoneal aperture of a segmental tubnie : 
Gl, Matpighian capsule, sboiTii on the left aide arising as an expansion of a 
urinary tubule, auil ou the right in a fully-fonncd condition, containing a 
glomerulus, and communicating with the segmental duct by means of the convo- 
luted tubule ; M, Mitllerian duct in process of formation ; X, cellular trabecule 
growing out from the Malpighian capsule into the generntiTB gland (iT), 

side of the mesentery, and the adjacent mesoblastic stroma pene- 
trates into it (comp. Fig. 235, .ff). The primitive germinal cells 
are at first entirely undifferentiated, so that it is impossible to 

* According to the reaearchea of MikaloiicB the mesonephros does not ilisnppeiir, 
as snch, suddenly, but its jpeater part remains functional together with the 
nietanephroB for same time : in Lizarda, for instance, it only becomes reduced aflcr 
tie first winter's sleep, that is, in the second year. Thus, to a certain extent, iiiter- 
mediatB stages eiist between the condition of things seen in the Ansmnia and 
Amniota respectively. At one time Amniota must have existed in which the meso. 
nephros served as the main excretory organ throughout life, but on the appearance 
of the metauephros it bec^ame no longer needed, and was gradually reduced. 

' The metanephrio duct arises in the form of a paired canal, which grows out from 
the Wolffian duct at the point where the latter opens into the closca. Its antenor 
end then comes into relation with a aeries of segmental tubules, provided with 
glomeruli, and the posterior end losea its connection with the Wolffian dnct, and 
1 ...^ with the allantois (urinary bladder). 



^ > 
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say which will give rise to spermatozoa, and which to ova. In 
the course of further development, this differentiation takes place, 
and the germinal epithelium comes into relation with the meso- 
nephros, as already mentioned. The final result is the formation 
of a male or a female generative gland/ i.e. a testis or an ovary. 

The mode of development of the ova and spermatozoa is briefly as follows :— 
Ova. — The cells of the germinal epithelium grow inwards amongst the 
stroma of the ovary in the form of clustel^d masses : some of these increase 
in size more than the others, and give rise to the primitive ova, while the 
smaller cells form an investment or follicle round them, and serve as a 
nutritive material. The investing cells multiply, and in Mammals a cavity 
containing a fluid is formed in the middle of each follicle (Graafian follicle) 
(see Fig. 254) : the main mass of the follicular' cells which enclose the ovum 
project, as the discus proligerus (Fig. 254, D), into the cavity of the 
follicle. When ripe, the ovum, surrounded by its vitelline membrane, comes 
to the surface of the ovary and breaks through its walls into the abdominal 
cavity ; it then passes into the Fallopian tube by means of the cilia on the 
fimbriated aperture of the latter. A certain amount of blood is poured out 
through the broken ends of the vessels in the stroma of the ovary into the 
cavity of the Graafian follicle in which the ovum lay : this " wound " then 
closes up, and its contained blood undergoes fatty degeneration, and gives rise 
to a body of a yellow colour, known as the corpus luteum. 

Spermatozoa. — As in the case of the female, primitive germinal cells 
can be at first distinguished in the development of the male genemtive elements. 
The nucleus of the larger of these gives rise to the main part of the so-called 
"head" of the spermatozoon/ while the surrounding protoplasm becomes 
differentiated to form the motile " tail," which serves as an organ of propulsion. 
Either each of the primitive germinal cells forms one spermatozoon only, 
or a division of its nucleus into several portions takes place, and the cell 
divides up into several spermatozoa. But there is no important difference 
between these two modes of development, for in both cases we have to do with 
a simple cell-division. Thus each spermatozoon is really the mor- 
phological equivalent of an ovum, so that an absolutely similar 
and equal portion from either parent is concerned in the 
production of the embryo.^ 

• 

In order to understand the general relations of the urinogenital 
organs as a whole, we must now consider briefly the canals which 
carry off the generative products. 

In Cyclostomi and a very few other Fishes the generative 
products are simply shed from the ovary or testis into the body- 
cavity, whence they pass to the exterior by means of the abdo- 
minal pores (see p. 265). This is probably to be looked upon 
as the most primitive condition. 

In all other Vertebrates except bony Fishes, a canal, called the 
Mtillerian duct^ is formed in the female. This either becomes 
split off from the segmental duct (Elasmobranchs, Amphibia), or 
arises independently as an involution of the peritoneum near the 
latter (Amniota).^ 






^ It must be remembered that the process of fertilisation has to do essentially 
with the fusion of the nuclei only of the male and female cells (Weismann and 
Van Beneden). (Comp. pp. 3 and 4.) 

^ According to Mikalovics, the Mtillerian duct arises in the Lizard, Duck, and Chick 
as a solid mesodermal rod, and thas has originally no connection with the coelome. 
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In the first case the other product of the segmental duct, or 
so-called Becondaiy mesonephric duct, s&rves primarily in the 
male as the nrinogenltal duct (Leydig's duct), and in the 
female simply as the niinary duct (Figs. 237, 238a and B, 
wd, vd, and 240, A, B, ly, ly {Ur). 

In the second case, the entire primary mesonephric duct gives 
rise in the male to the Bemiaal duct (Fig. 236, C, Vd) 

A B € 



Fic. 236. — Diagram Exhibiting the Relations of the Fbmalb (A) and of the 
Male (C) Repboboctivr Oboans to thk General Plan (B) of these 
Organs in tsb Higher Vertebbata. 

,1/0, MiilUrisn duct ; XJl, nttrua ; Ot, ftMominal npertnre of the Fttllopian tube ; 
r?, vagina; I^to, utenis mHsculiiins ; GJf, hydatid of Morgagai ; WG, WoKBan 
duct; ffff, Gartner'B dniit ; Vd, vns , deferens ; Ik, ductus ejaeulatorius ; Vs, 
Tesiculft BGminalie ; Ura, meaonephroa (Wolffian body) ; To, parovarium ; E'p, 
epididymis ; g, genital glapd ; m, ovary ; Eo, testis ; iV, tidno)^ ; Ut, ureter ; 
B, urinary bladder ; Sk, urinogenitnl 'sinus ; CI, cloaca ; Ba, gland of Bartho- 
lini ; OB, Cowper's gland ; JV, Fr, prostate gland ; R, rectum ; Qgl, copulatory 
organ. (In Fig. A Uie cliloria is intUcated, but not lettered.) 

(Wolffian duct ^ or vai deferens), while in the female it 
usually becomes rudimentary, and is then spoken of as Qftrtner^s 
duct (Fig. 236, A, Gy). The metanephric duct or ureter 
(Fig. 236, Ut) (which is possibly confined to the Amniota),^ serves 
to carry off the products of urinary excretion in both sexes. 

' The term WolSnn duct is used to describe tho duet of the mesonephros after 
the formation of the Miillerian duct, whether the latter is developed independently 
or not, ^- Comp. note oq p. 298. 
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The Miillerian duct (Fig. 236, B, MG) of the female gives rise 
to the oviduct^ and in Mammals becomes distinctly differentiated 
into three portions, — a Fallopian tube, a uterus, and a vagina, 
the latter of which opens to the exterior (Fig. 236, A, Oty Ut^ Vg), 
The Fallopian end of the oviduct always opens into the abdominal 
cavity by a ciliated funnel-shaped aperture. This abdominal aper- 
ture represents the only connection between the body-cavity and 
the exterior in the Amniota, where the nephrostomes no 
* longer appear in the course of development.^ 

In the male, the Miillerian duct is always developed, but 
plays no important part, coming into the category of rudiment- 
ary organs. It will be further treated of together with the 
generative organs in a later chapter. 



URINARY 0RGANS.2 

Fishes and Dipnoi. — The Myxinoids retain throughout 
life a functional pronephros which is provided with numerous 
peritoneal apertures and a limited number of glomeruli. 

In Petromyzon slight rudiments of the pronephros of the 
larva (Ammocioetes) alone persist, and the mesonephros with its 
(segmental) duct becomes the functional urinary organ. 

In the Teleostei the pronephros may possibly persist in 
some cases, but further researches are necessary on this point. The 
mesonephros constitutes the main, if not the entire, excretory 
organ of the adult, and consists of a naiTOW band varying in size, 
which lies on the dorsal side of the body-cavity, between the verte- 
bral column and the air-bladder.^ Secondary fusions between the 
organ of either side often occur, and this is also true of Ganoids. 
The urinary duct in both groups probably represents the primary 
segmental duct, and may lie more or less freely, or be embedded in 
the substance of the kidney. Posteriorly the two ducts usually fuse 
together and become expanded to form a kind ofurinarybladder, 
which has evidently nothing to do with the similarly-named organ 
(allantoic bladder) of Amphibia and Amniota (comp. p. 273). The 
"bladder" usually opens behind the anus, — either independently, 
or together with the genital ducts, — by a simple pore, or on the 
summit of a urinogenital papilla. 

The splitting of the segmental duct into a Wolffian and a 
Miillerian duct is not known to occur in Teleostei; in El as mo- 
bran chs this differentiation does take place, and at the same time a 

^ For a different view see Mikalovics in the notes on pp. 296 and 300. 

^ No urinary organ is at present known to exist in Amphioxus. 

^ The delicate glistening threads from which the nest of the Sea-Stickleback 
(Spinachia vulgaris) is made are formed as a secretion of the urinary tubules, -whicl. 
undergo a change of function at the breeding-season. The secretion is muciu, which 
becomes hard in water (Mobius). 
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division of the mesouephros into an anterior and a posterior section 
may be observed (eomp. Figs, 237, fd, and 238, m.d, w.d, s.t). In 




FlO. 237. — DlAGBAH OF TBB PRIMITIVK COMDITION OV THK KlDNCY IN AN 

Elaemobrancr Embkyo. (After Bolfoor.) 
jMi, segmental dact : it openB lit o into the body-csTity, and its other extremity com- 
municates with the cloaca ; z, line along which the disisiou appears which 
separates the seRinenlal duct into Leydig's (Wolffian) dnct above, and the 
Uulleriaa dact below ; t.t, aegmontal tubes ; they open at one end in the body- 
cavity, and at the other into tlie segmental dnct. 



Fig. 288a. — Diagram of the AESAHOBMEtiT of tub Urinoobnital Orcians in 
AN AnuLT Female Elaskobsanch. (After Balfour.) 

m.d, MuUerian duct; vrd, Leydig's (Wolfflan) duct ; d, ntKter;5.<, segmental 
tubes : five of them are repreienl«d with openings into the body-cavity : the 
imsterior Begmental tubes form the meaonephrol ; ov, ovary. 




Fio. 23aB. — Diagram of th£ Akhanobheht of tbb Urihoqbkital Oroans in 
AN Adult Hale Elasmobhakch, (Aft«r Balfour.) 

m.d, rudiments of Milllerian duct ; te.d, Leydig's (Wolffian) duct, marked vd in 
front, and serving as vaa deferens; s.t, segmental tubes: two of them are 
represeiited with openings into the body-eavit; r d, ureter ; i, testis ; nl, canal 
at the base of the testis ; FH, vasa efferentia ; Ic, longitudinal canal of the 
Wolfflan body. 

the male, the former comes into connection with the genital gland 
(Fig. 238b, Va, iU, t), and ita tubules open directly into the 
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Wolffian duct ; while the latter, which persists as the permanent 
kidney (comp. note on p. 298), empties its secretion by means of 
separate ducts into the Wolffian duct, which thus serves to conduct 
both urinary and genital products. In the female (Fig. 238a) 
the genital gland has no connection with the Wolffian duct, and 
the ova pass to the exterior by means of the MuUerian duct. 

A narrower anterior, and a broader middle and posterior portion can 
nsTially be distinguished in the kidneys of Klasmobrancns. The outer border 
is usually notched, and this, together with the arrangement of the nephro- 
stomes in the embryo, points to the original segmental arrangement of the 
organ. The segmental character, however, disappears later on ; in the adult 
the nephrostomes are without exception much less numerous than the vertebrae 
of this region, but their number and size varies much in different genera and 
even in individuals. 

The kidneys of Sturgeons appear to show many points of 
similarity to those of Elasmobranchs ; further investigations are, 
however, necessary before their relations can be fully explained, 
and the same may be said with regard to the kidneys of Dipnoans 
and bony Ganoids. In the Dipnoi, the existence of nephrostomes, 
although not proved, is very probable ; the urinary organ of these 
animals corresponds to the mesonephros. In Ceratodus, the duct 
lies freely in a peritoneal fold, while in Protopterus it is embedded 
in the substance of the kidney. In both forms the kidney 
is lobulated; it is relatively much smaller in Ceratodus than in 
Protopterus. The lobes do not correspond to the segmentation 
of the vertebral column. 

A close examination of the organ which has usually been spoken of as the 
kidney in Teleostei and Ganoids shows that a larger or smaller portion of it 
— more particularly the anterior part — consists of an adenoid or lymphoid 
substance. 

Amphibia. — In these, the most primitive condition is met 
with in the Gymnophiona, in which the kidneys (Fig. 239, 
Ni) consist of long narrow varicose bands, usually extending from 
the heart to the anterior part of the cloaca, which latter is often 
much elongated. In the embryo they consist of definite masses, 
which are arranged segmentally (that is, correspond with the 
segmentation of the vertebral column), and in each of them a 
glomerulus, a nephrostome, and an excretory duct can be 
distinguished (compare Fig. 234a). 

This condition sometimes persists in the anterior portion of the 
kidney, while, owing to secondary processes of growth, as many as 
twenty nephrostomes are later on met with in a single body- 
segmeiit. The number of nephrostomes in the entire kidney may 
amount to a thousand or more. 

As regards the urinary duct and the relations of the entire 
renal apparatus to the generative organs, the Gymnophiona in all 
essential points resemble other Amphibians. 
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The kidneys of Ur ode la and Anura lie in the usual position 
on the dorsal side of the body-cavity ; in the former they are band- 
like and more extended longitudinally than in the latter, in which 



IntoBtinal tract. — Oes, cesophagus ; Jfi?, stomach; Dd, Dd', Bmnll intestine; 
Dda; large intestine ; CI, clnaca ; SI, BP, the anterior laiver and posterior 
smsllei end of t)ie urinary bladder ; Lcb, Uver ; Bis, gaU-bladder ; Pan, pan- 
creas ; M, apleon ; Pit, peritoneum (gastro-hepatic omentum). 

Urinogenital organs. — Ch>, Ov, ovaries ; Mg, Mg, Miillerian ducts (oTidacts) ; 
Ai, JVi, kidneyii ; Ur, nreter. 

Bespiratory organs. — JS, well- developed right lang ; L', rudimentary left Inng ; 
Tra, trachen. 

Organs of circulation. — Vt, ventricle ; At, atrium ; Ba, conus arteriosas ; Aa, 
aorta asceadens of left side : that of the right is not specially iadicated ; Aod, 
aorta descendens of left side ; Ap, Ap, pulmonary artery ; Vp, pulmonary vein ; 
Vn, vein receiving blood from the urinogeuital organs, the muscles of the back, 
and the vertebral canal ; J, jugular vein ; Ci, postcaval ; Dc, ductna Cuvieri ; 
Vep, Vep, hepatic portal veins. 

they are shorter and more compact, and confined to the middle 
■ portion of the ccelome. 

In TJrodeles they always consist of a narrow anterior, and a 
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broader and more compact posterior portion. The latter gives rise 
to the functional kidney (Fig. 240, N), while the former becomes 
connected in the male with the generative organs. Delicate ducts. 



y 

^ 



,1.) 

Ho, testifl ; Ve, Ve, Tasa efferentU of tesUa, which fall ir 
the Wolffian Irady, + ; a, collecting tube* of the n 

the Wolffian (iiriDogonital or Leydig's) duct {Ig, Ig) ; the latter serves in me 
female (Fig. B, Ig) eimply as the urinarv duct (ETr) ; the system of the rasa 
elferontia (testicular network) is here mdimentaiy ; m,g, mg' {Od}, Miillerian 
duct ; Ot, peritoneal aperture of latter tn the femije ; Ov, ovary ; Olf, anterior 
sexuij portion of kidney {parorchia of the male) ; y, posterior non-seinat portion 
of kiduey, 

or vasa eflferentia, pass out from the testis (Fig. 240, A, ffo, Ve, 
Ve) into the substance of the anterior portion of the kidney, and there 
open into the urinary tubules ; they may either enter the kidney 
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direct, or else open first into a longitudinal collecting duct (t), from 
which fine canals pass to the urinary tubules. Thus the seminal 
fluid passes through the nephridia as well as through the WolflSan 
duct, which serves asaurinogenital duct (Fig. 240, A, Ig, a). 

In Urodela and Anura of both sexes the Wolffian duct opens 
separately on either side into the cloaca, receiving first, in Urodeles^ 
a number of ducts from the posterior part of the kidney.^ 

The urinary bladder, which is usually bilobed, opens on the 
ventral wall of the cloaca opposite to the urinogenital apertures. 
The morphological signification of the bladder has already beep 
explained in the chapters on the alimentary canal and vascular 
system (pp. 231 and 273). 

Slight indications of a segmental arrangement are found only 
in the anterior sexual portion of the kidney of Urodeles ; in the 
posterior part, and in the entire kidney of Anura, all traces of 
segmentation have disappeared. In both cases, however, the 
nephrostomes remain throughout life in great numbers on the 
ventral surface of the kidney, which is covered over by the 
peritoneum. 

The nephrostomes are connected with the urinary tubules in larval Anura, 
but later on they become separated from them^ and open into the renal-portal 
vein. In consequence of this change of function, for such it must be con- 
sidered, the body-cavity of adult Anura serves as a closed lymph-sinus, 
as in the Amniota ; the peritoneal fluid, which in the larva was carried to the 
exterior and lost, is in the adult poured into the general circulation, like the 
rest of the lymph. 

Reptiles and Birds. — In these, as in all other Amniota, the 
mesonephros, so far as it is retained beyond the embryonic period, 
is entirely separate from the functional excretory apparatus ; this 
consists of a metanephros, entirely wanting in nephro- 
stomes (compare p. 298). 

The metanephros never extends so far along the body-cavity as 
does the mesonephros ; as a rule it has the form of a small compact 
or lobulated organ, usually lying within the posterior half of the 
body-cavity, or even entirely confined to the pelvic region ; it has 
the latter position, for instance, in most Eeptiles (Fig. 241, N) and 
all Birds (Fig. 242, N), The posterior end of the kidney, which is 
generally narrower than the rest, may even extend under the root 
of the tail, as in Lace rt a, in which region there is a fusion of the 
organ of either side. 

Thus, according to the position of the kidneys, the ureters 
either do not extend any distance along the body-cavity, or they 
may have a longer or shorter free course. The latter is the case, 
for instance, in Crocodiles, and more especially in Birds (Fig. 
242, Ur) ; in the last-named the kidneys lie closely embedded 

^ In Anura the Wolffian ducts pass some distance independently along the body- 
cavity, in correspondence with the position of the kidneys ; in the male each is often 
provided with an enlargement, the vesiculaseminalis. 

X 2 
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wiLhin the pelvis, and their ventral flattened surface is usually 
lobuUted, and often penetrated by deep furrows and clefts in which 
the veins lie embedded (Fig. 242, V, V) ; their posterior ends oiay 
fuse together in tbe middle line, as in Lizards. 

There is not always a perfect symmetry between the oi^u of 
either side, and this is most marked in Snakes, in which the 



Fio. 2tl. — Ekcbbtort AFPAHATUa of Mmator mdiau. 

Tbe iii(tit kidney is shown in its ntitnral position, while the left is tamed on its 

longitudinal axia, bo thit the ureter nai the collecting tubes are visible. The 

urinary bladder is not represented. 

A', A', kidneys ; SO, collecting tubas which open into the ureter (Ur, (Tr*) ; Ut^ 

aperture of ureter into the cloitca. 

greatly lobulated kidneys, like those of limbless Lizards, are 
elongated, narrow, and band-like, in correspondence with the form 
of the body. 

A urinary bladder, arising from the ventral wall of the 
cloaca, is present in Lizards and Cheloniaus ; it is usually bilobed, 
- as in Amphibia, and so points to a primitively paired condition. 
A bfedder is wanting in Snakes, Crocodiles, and Birds. 

Mammals. — The kidneys of Mammals are proportionately 
small, and lie on the quadratus lumborum muscle and ribs. They 
usually possess a convex outer, and a concave inner border; the 
latter is called the hilum, and at this point the ureters arise and 
tbe blood-vessels enter. The expanded proximal portion of the 
ureter is divided up to form one or more calyces (Fig. 243, Co), 
into which small papilliform processes of the pyramids (see 
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p. 310) project ; on the summits of these the urinary tubules open 
m varying number (between Pr and Ca). The calyces are continu- 
oaa with a lai^ cavity in the widened portion of the ureter called 
the pelvis {Pe), and from this the ureter {Ur) passes backwards to 



Fio, 242.^Malb Ueinoqbnital Appabatus of Hkbob {Ardeaeinerea). 
N, kidnejs ; Ur, ureter, opening into the cloaca (Ct) at Sr ; So, testis ; Ep, epi- 
didymis ; Vd, vaa deferens, which opens at Vd} on a papilla in the cloaca ; 

V, y, tuiTon'g on the ventral surface of the kidney in whioh veins lie embedded ; ' 
Ao, aortn ; BF, bursa Fabricii, which opens into the cloaca at BF\ 

open into the bladder on its dorsal side, sotnetimes nearer the apex, 
sometimes towards the fundus. 

The urethra, arising from the bladder, is always short in the 
female, while in the male it is dfawn out into a long tube which 
extends through the penis, and is lined by erectile tissue (corpus 
spongiosum) (comp. p. 329). 

The definitive kidney (metanephros) is greatly lobulated in 



298 (X>MPAEATIVE ANATOMY. 

Thus the primitive urinary system, besides its main function of 
excreting waste products by means of the epithelial cells, serves 
also to conduct the peritoneal fluid from the body. 

This secondary urinary system, or mesonephros, is of greatest 
importance in the AnaniQia : in most Fishes it serves exclusively 
as a urinary organ, but in others (most Elasmobraachs) it also 
takes on certain relations to the generative apparatus, giving 
rise to the pororchla, paroTailum, and to other more or less 



Fig. 234c.— The Entibb ExcttETOBi Svstbh of tuk Embkyo of Hylorlo 
martiniceant (3 millioietrea long). (After G. Selenko. ) 
ji, urinary bladder ; c, stalh of the latter which communicates with the intestine ; 
01, f;lomerulus of the pronephros ; F, peritoneal epithelium ; S, S-shaped con- 
volntions of the segmental duct ; Vg, segmental duct ; W, cilinted regions of 
the peritoneal epithelium ; a, nrinoseuital cord (formative region of thi> 
meaonephric veaielea ; 1, S, S, the three CECcal processes of tha right an<l 
left pronephros, with their branches ; a, a, apertures of the proiiophric 
ducts into the bladder ; u, rudiments of the anterior uiinary tabules, in the form 
of solid cords ; k' to «', urinary tubules ; r, r, aparturea of the urinary tubules 
into the BegmenlAl duct (Vg', Vg'), nhjch thus becomes the duct of the 
mesonephros. 



rudimentary organs of secondary importance. Nevertheless, it 
may remain as the permanent urinaiy organ (Elasraobranchs, 
Amphibians'), or may entirely disappear as such (Amniota) ; in the 
latter case, a third series of tubules are formed, giving rise to the 

' The glands formed by the posterior urinary tuhuiea in Elasmobranchs an'l 
Urodeles which give rise to the functional excretory organa, and which may be 
provided with special ureters, are considered by Balfour to oe the equivalents of tho 
kidneys proper (metanephroa) of Amniota (comp. Fig. 238). 
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kidney proper (metanephros »), together with its special duct, 
the ureter.^ 

The generatiTe cells, that is, the ova and seminal cells, 
have a similar origin throughout Vertebrates. They become dif- 
ferentiated from the peritoneal epithelium, \Thi8 g:ermlnal 
epithelium arises on the dorsal side of the body-cavity, on either 



FlU. 235. — UlAoaAMMATIC TfiANSVBRSR SECTIONS OP THE BODY or A LuWKI: 

Vertebrate, to show the Eelatiohs o? the Sbghentai. Orgass. (After 
Hensen.) The right side of the figure represents a later stage than the left. 
r", spinal cord ; Sp, ganglion of a spinal nerve ; MP, moscle-plate ; D, wall of int^h- 
tine ; Ch, notochord ; IVO, Wolffian duct ; ji, aorta ; K, germinal epithplium ; 
above K on. the left aiJo ia seen the peritoneal aperture of a segmental tubule ; 
Gl, Matpighian capmile, shown on the left side arising as an expansion of a 
urinary tubule, and on the right in a fully-fonncd condition, containing n 
glomerulus, and coin muni eating with the segmental iluct by means of the convo- 
luted tubule ; if, Hitllerian duct in process of rorniaiion ; X, cellular trabeculie 
growing out from the Malpighian capsule into the generative gland {K). 

side of the mesentery, and the adjacent mesoblastic stroma pene- 
trates into it (comp. Fig. 235, JC). The primitive germinal cells 
are at first entirely undifferentiated, so that it is impossible to 

' According to the researches of Mikalovies the mesonephros does not Uisnppcor, 
as such, suddenly, but its greater part remains functional together with the 
metanephriM for gome time : m Lizards, far instance, it only becomes reduced after 
the first winter's sleep, that is, in the second year. Thus, to a certain extent, inter- 
mediate stages exist between the condition of things seen in the Ansmnia and 
Amniota respectively. At one time Amniota must have existed in which the meso- 
nephros served as the main excretory organ throughout life, but on the appearance 
of the metanephroB it became no longer needed, and was gradually reduced. 

' The metanephric duct arises in the form of a paired canal, which grows out from 
the Wolffian duct at the point where the latter opens into the cloaca. Its anterior 
end then comes intji relation with a aeries of segmental tubules, provided with 
glomemli, and the posterior end losea its eonnection with the Wolflian duct, and 
com«s to communicate with the allantojs (urinary bladder). 
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Fia. 214. — Hale tTBiHoaBMiTAL Apparatus of the STUftOEON. 
y, N', y. the different portions of the kidneys ; SO, SO', S(P, ths different parts 
of the dnctB of the kidneys ; Vd, Vd>, V^, vas deferens ; B«* festis : 
Ve, Ve, network of the vasa efferentia ; \M0^ Miillerian duct, which unites with 
the collecting duct of the kidneys at MO' ; t, point at which the two collecting 
ducts of the kidneys unite. 

development.* Posteriorly, the oviducts open into the cloaca 
somewhat behind the apertures of the ureters — either separately, 
or by a oomtaon canal. 

' The greater numher of Sharks are Tiiiparous. (Concerning; ths nmbilicsl 
placenta found in Uoslelus Itcni and Carcbnriaa, camp. p. 12.) 

The embiyos of Uostelns antsrcticns are provided with membnnes which b«ar 
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The testis of Eksmobraacbs is always paired and sym- 
metrical, and usually lies, supported by the mesorchium, towards 



Fic. 2*5.— Female Urikogbnital Appabatus or Pmlopieria aJiiteelctia. (From 
the Teutral side, mitarol size.) (After H. Ayen.) 
a, vent ; h.d, rectum ; Sg, spertniea of ureters into cloaca ; L, L, Ijmphoid tissue : 
Mg, MmletUn duet ; M.ir, abdominal aperture of latter ; if, kidney ; 0, ovary ; 
p, lung ; V.ca, poatiavftl vein ; V.u, unnary bladder. 

the anterior portion of the body-cavity. The relations of the 
vasa efferentia to the mesonephros have been already mentioned 
(comp. pp. 298 and 303, and Fig. 238b), and a somewhat similar 
arrangement is seen in Lepidosteus. 

Amongst Qanoide, the female oi^ana of Lepidosteus' are formed on tlie 
same type as those of the Teleostei, while in cartilaginous Ganoida a more 
or lees incomplete splitting of the segmental dnct into a Miillerian and a 

a superficial resemblance to the amnion and chorion of Mammals, but these arc 
both formed from the maternal tissues (T. J. Parker). 

' The cavity within the ovary of Lepidosteus is formed by a fold of peritoneum 
on either border of the gland growing towards its fellow, and meeting in the middle 
line ; into this cavity the ova are shed, and are carried to the exterior by an oviduct 
which ia probably formed by continuations of these peritoneal folds beliiud the 
ovary. A similar mode of development of the oviduct possibly also obtains in 
Teleoit«L 
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"Wolffian duct takes place (Fig. 244, MG), The latter probably serves in 
the male as a urinogenital duct, and in the female as a urinary duct only. 
Should more complete histological examination confirm these statements, the 
mode of development of the generative organs of cartilaginous Ganoids will be 
seen to resemble closely those of Elasmobranchs and Amphibians. 

Hermaphrodite structures have been observed in certain Fishes : in 
the different species of Serranus, for instance, they are constantly present. 
Hermaphroditism also occasionally occurs in Sargus, Gadus morrhua, and 
many others. 

In the Dipnoi, the gonads and their ducts lie along the outer 
border of the kidneys. During the breeding-season they become 
greatly enlarged, and extend round the entire gut. The oviducts 
are long and slightly coiled, reminding us in many points of those 
of Amphibia : each communicates with the body-cavity by a funnel- 
shaped aperture near the pericardium, and is provided with a well- 
developed albumen gland. The ovaries undergo the greatest 
variations according to age and the time of year. In the unripe 
condition they have the form of long and narrow bands, which 
extend along the whole body-cavity. In the young Ceratodus 
they are distinctly lobulated, and in both Ceratodus and Proto- 
pterus each ovary of the adult has the form of a tb in- walled sac, 
in the inner walls of which the ova are developed. The eggs are 
shed into the body-cavity by the bursting of the walls of the sac, 
and they pass thence into the oviducts. 

In the male, the manner in which the sperm is conducted to 
the exterior is not certainly known: it may possibly pass out 
through the abdominal pores. The Miillerian ducts, although 
less developed than in the female, are clearly present in the male. 
The structure of the testis requires further investigation. 

Amphibia. — The gonads of Amphibia are usually situated in 
about the middle of the body-cavity : they are paired and symme- 
trical, and lie right and left of the vertebral column ; their form is 
usually modified by the shape of the body. Thus in the Gym no- 
phi on a (Fig. 239, Ov)y the ovary has the form of a long and 
narrow band, while the testis is made up of a long chain of small 
bodies united together by a collecting duct (Fig. 246, Ho, Sg). 
Each individual portion of the testis of Csecilians is made up of a 
double row of rounded capsules (Fig. 246, IT), in which the sperm 
is formed, and from which it is passed into a collecting duct {Sg), 
which perforates each portion of the organ. A transverse canal 
{Q) is given off from the free portion of the collecting duct lying 
between every pair of testis lobes ; this passes towards the kidneys 
{N, N)y and opens into a longitudinal canal (Z). From the latter 
the sperm passes through a second system of transverse canals 
{Q^y Q^) to the Malpighian capsules, and thence through the urinary- 
tubules into the urinogenital duct {HS), 

The male generative apparatus of all Urodela and certain 
Anura (Bufonidse), corresponds in the main with the arrange- 
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Fio. 216.— DiAaBAH c 

So, So, teaCiii ; Sg, collecting duct of testis ; K, K, testicttlar Mpsulea ; Q, Q, transversa 
canals connecting the collecting duct with the longitudiunl canal {L, L) ; Q*, Q', 
second seriea of transverse canola ; M, M, Halpighian capsules ; N, N, kidney ; 
ST, nephrostome ; S, convoluted portion of uriuftry tubiile ; HS, urinogenital 



Fio. 2*7. — Tbbtis and Antbriok ISnd of Kidney of lUaia aeuUnla. 
(SemidiagTsmmatic.) 
e canals of the testicular network, which give rise to hlind 
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ment which has already been described iu the chapter on the 
urinary organs (see p. 306). The external form of the testis, 
however, varies greatly, and is either pointed at one or both ends 
(Fig. 240, A, Ho)y or more or less round or oval (Anura). 

In Eana, Bombinator, and Alytes the vasa efferentia of the testis 
become gradually separated from the kidney, that is, they either open directly 
into the urinogenital duct, without becoming connected with the 
urinary tubules (Rana) (Fig. 247, (7, Ur)^ or the g]:eater number of the 
posterior canals end blindly, while only the anterior ones are directly connected 
with the urinogenital duct (Bombinator). In Alytes, those vasa efferentia 
at the anterior end of the kidney which possess a lumen open into the 
Miillerian duct : this is a very special condition, and is not known to occur 
in any other animal. The urinary duct, which comes off from the posterior 
end of the kidney also opens into the Miillerian duct, the portion of which 
anterior to this point serves as a vas deferens, while its posterior part functions 
as a urinogenital duct. 

In all other Amphibians, Miillerian ducts are always present, but in 
the male th^ always remain in a more or less rudimentary condition, and lie 
along the outer border of the kidneys in a similar position to those of the 
femcde. They may or may not be provided with a lumen and apertures of 
communication with the body-cavity and cloaca. 

Hermaphroditism occasionally occurs amongst the Anura. In the males 
of Eana temporaria " ova " are at times developed, embedded within the sub- 
stance of the testis (Hermaphrodite gland, or ovotestis), and one testis 
may even be replaced by a rudimentary ovary. In these cases, the Miillerian 
duct may be as well developed as in the female. A body attached to the 
anterior end of the testis in various species of Toads (" Bidder's organ ") also 
apparently represents a rudimentary ovary. 

The ovaries of Urodela are always formed on a common 
plan. Each consists of an elongated closed tube, with a con- 
tinuous lumen. In Anura, on the contrary, the ovarian sac 
(Fig. 248, Ov) is divided up into a longitudinal row of (3 to 20) 
separate pockets or chambers. In both cases a mesoarium is 
always well developed, and there is no direct connection between 
the ovaries and oviducts. The latter open far forwards into the 
body-cavity by funnel-shaped apertures {Od, Ot), and at a con- 
siderable distance from the anterior ends of the kidneys: they 
take a tolerably straight course along the outer borders of the 
kidneys to the cloaca in young animals, but become greatly 
coiled and convoluted in the adult (Fig. 248, Od). A shQrt dis- 
tance from their termination each oviduct becomes dilated to 
form a thin-waUed sac, and, after becoming again narrowed, usually 
opens separately on a papilla on the dorsal wall of the cloaca 
(Fig. 248, Uty P). In the genera Bufo and Alytes alone, the 
two oviducts fuse together into a posterior unpaired canal. 

After receiving a gelatinous coating from the glandsin the wall of the middle 
part of the oviduct, the eggs pass into the dilated portion of the duct, and 
become united together into irregular masses (Frog) or chains (Toad).^ 

^ According to P. B. and C. F. Sarasin, Epicrium glutinosum (Gymnophiona) 
IS oviparous. The eggs are very similar to those of Sauropsida : they are exception- 
ally large (9 mm. long), of an oval shape, and possess a large yolk, which is light- 
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Finally, the so-called fat-bodies (corpora adiposa) ramt be mentioned ; 
these are present in all Amphibia in connection with the generative glands, 
and arc formed of adenoid substance, fat, and leucocytes, and contain numerous 
blood-vessels. They are apparently formed by the degeneration of the anterior 
part of the genital ridge, and " Bidder'a organ " (see p. 316) in the Toad seems 
to represent a part of the ridge which has not become degenerated so far. 
The corpora adipoea probably have on important physiulogical (nutritive) 
relation to the generative glands ; this gives an explanation of the fact that 
Amphibians, after remaining for months, throughout their winter sleep, with- 
out food, are ableasstipnas spring arrives to give rise to thousands of offspring. 
The curious lymphoid oi^ns of many Fishes and Reptiles have probably a 
similar function (comp. pp. 304 and 320, and Fig. 245). 



Fio. 248. — Urinooknital Oroakb of a Female Jlana ctailcata. 
Or, left ovary (that of tha right side is removed) ; Od, oviduct ; Ot, abdominal 
aperture of oviduct ; Ut, the dilated posterior end of the oviduct ; P, opening of 
latter into the cloaca ; N, kidneys ; S, S\ apertures of ureters into the cloaca, sur- 
rounded by longitudinal folds (•), which are separated by a deep depression (+). 

Reptile! and Birds. — In these, as in other animals, the form 
of the gonads becomes modified by that of the body. Thus in 

yellow in colour, and consists of both yellow and white graaulea. They are coated 
with a tough albamen in ^e oviduct, and thia becomes drawn out at the poles into 
chalszte, by means of which the eggs sre connected together like the beads of a 
uwklace. They are laid in the eRr£, and the mother coils herself round them. 
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CheloniaDs they are broad, while in Snakes and snake-like Lizards 
they are more elongated. In the latter cases, as well as in other 
Lizards, they are asymmetrical, so that the organ of one side comes 



Fio. 219. — Fbuale Ubinodbnital Apparatuh of Laeerta TauraHt. 

N, kidneys ; 'Ur\ apertiirea of the ureters into the cloaca (01) ; B, nrinarj bladder ; 
B', neck of the latter (cut open) ; E, rectum ; JP, opening of rectum into the 
„i.^«» . tk. «,.,-!== . + w.™.,„c nf ".o-onephroB ; Od, oviducts, Khich open into 
if ovidacta. 



to lie in front of that of the other. More room is thus obtained 
for the development of the ovaries, and, in cases where the ems 
are very large, the ot^an of one side tends to disappear ; in Biras, 
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for instance, the left ovary only is completely developed and 
functional. 

In Reptiles the ovaries lie near the vertebral column, and are 
covered by peritoneum ; their lumen is penetrated by a highly vas- 
cular network of trabeculae, enclosing the ova. In the lymph- 
cavities thus formed the formation of ovarian follicles takes place. 
The develonment of follicles occurs throughout life in Reptiles, as 



T Jjiguitfragilu. (After 

Ho, teetiB ] f, the so-called "yellow body" (Bupratenal) ; ^, parorchifl ; Crf, ^v 
deferens ; p, p, common apertnre of the ureter (Ur, Ur') and vaa deferens oi 
papilla on the dorsal wall of the cloaca {CI) ; £, urinary bladder ; r, rectui 
JV, kidney ; lag, radiment of the Uillleriiin duct. 



in the Anamnia, while in other Anmiota it takes place only in 
the embryo, or at any rate for only a short time after birth. 

The oviducts (Fig. 249, Od, Ot) possess wide funnel-shaped 
abdominal apertures, and are usually much folded transversely ; 
their walls are provided with numerous muscular elements and 
glands for the formation of the albumen and egg-sheU. They 
increase in size in the breeding -season. In Birds they are con- 
siderably coiled. 



320 COMPARATIVE ANATOMY. 

Only slight remnants of the mesonephros and Wolfl&an duct remain in the 
female in Reptiles, and these undergo fatty degeneration. They lie asym- 
metrically, arranged in a single row on either side, between the oviduct and 
vertebral column. The remains of the Wolffian duct are more marked in 
female Snakes, Chelonians, and in Geckos than in other Lizards.. 

The testes of Sauropsida correspond in position with the 
ovaries, and, like them, increase in size in the breeding-season. 
They have an oval, round, or pyriform shape (Figs. 242 and 250, 
Ho), and are made up of greatly convoluted seminal tubules, held 
together by fibrous tissue. In Reptiles (Lacerta, Anguis), " yellow 
bodies," which correspond to suprarenals, lie along the outer 
border of the testes, and at this point transverse canals pass out 
from the testis to the parorchis (Figs. 242 and 250, Ep), 

The latter consists of greatly convoluted canals, and from 
it arises the vas deferens (Wolffian duct), which either takes a 
straight course, or is more or less coiled (Figs. 242 and 250, Vd). 
In Birds it opens by an independent aperture (Fig. 242, Vd}) into 
the cloaca, while in Lizards it fuses with the ureter shortly before 
entering the latter. 

Remains of the anterior portions of the Miillerian ducts arepresent in the 
male, their position corresponding with those of the female. Their lumen is 
not continuous throughout, but the abdominal apertiure may remain open 
(Emys europwa). 

Lymphoid organs are present in many Reptiles, and probably have a 
physiological relation to the generative organs (comp. p. 317). In many- 
Lizards they are large and variously coloured, and lie within the pelvic 
region ; in Snakes they extend along almost the entire body-cavity. 

Mammals. — In Mammals the generative apparatus no longer 
extends along the entire body-cavity, as in the lower groups of 
Vertebrates, but is confined to the lumbar and pelvic regions. 
Moreover, in correspondence with the close relations which take 
place between mother and embryo, there is a much greater diflfer- 
entiation of the generative organs than occurs in lower types. The 
transition is not, however, a sudden one, for in the lowest Mammals, 
viz. the Monotremes ^ and Marsupials, these organs show many 
points of resemblance with those of Reptiles and Birds (coinp. 
Figs. 251 and 252). 

Thus in Monotremes the left ovary is more strongly- 
developed than the right, and each has the appear- 
ance of a bunch of grapes; the cloaca persists, and the 
Miillerian ducts (oviducts) remain distinct from one 
another. A more or less complete separation of the oviducts is 
also seen in Marsupials, and this point deserves special attention 
on account of its important morphological significance. 

In order to explain the gradual differentiation of these parts, 
their condition in the Didelphidse (Opossums), — which Come 

^ It has been recently proved that both Omithorhynchus and Echidna lay eggs 
(Caldwell and Haacke) (comp. p. 5). Further details on these points are to be 
expected shortly. 
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nearest to the Monotremes, — mwst now be described in greater 
detail 

A dilated portion of each oviduct (Fig, 252, A, Od), giving rise 
to a uterus {Ut), is plainly distinguishable from the rest^ and its 



Fio. 2E1. — A, Male Urisooknital Orqahs of Omithorhynekua panuUxat ; 
B, Fbuale Urtnoornital Orqans of Echidna hystrix. 
A', kidceya ; Ur, ureter ; B, urinary 'bladder ; Sua, Drinogenitiil sinus ; So, testis 
Ve, vas efferens ; J^, epididymta ; Vd, TasdeferenB ; Od, oviduct ; r. rectum 
CT, cloaca, opening to the eitorior at CP; m to m', musolea of the cloaca and penis 
Gp, glans penia, enclosed within its Gbroua tube ; Fp, prepuce ; Cli, clitoris 
*, *, aperture through which the copulatorj organ extends int« the cloaca, 

narrowed posterior end comes into close contact with its fellow in 
the middle line. At this point (t) each uterus is connected with 
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the portion of the oviduct lying more posteriorly, or vagina (F^), 
by a distinct os uteri. The vagina then curves sharply outwards, 
and, passing backwards, opens close to its fellow into the elongated 
urinogenital sinus (JSug). The ureters, as in all other Marsupials 
in which the vaginse have a similar arrangement, pass between the 
curved portions of the vaginse to the bladder (B). 

From the condition of the female generative organs in Didel- 
phys that seen in other Marsupials can be easily explained. In 
Phalangista vulpina and Phascolomys wombat (Fig. 252, 
B and C) the anterior ends of the knee-shaped bends of the vaginse 
(comp. Fig. 252, A, f) come to lie closer and closer together, and 
begin to extend backwards towards the urinogenital sinus, the 
septum between them disappearing at the same time. A vaginal 
csecum is thus formed (Fig. 252, B, C, Fi9'^),and this may become 
more elongated, and finally extend backwards so as to meet the 
upper (anterior) wall of the urinogenital sinus, into which it may 
open by the formation of a so-called third vagina. This is 
known to occur in seven species of Halmaturus, two of Petrogale 
and Osphranter respectively, and in Onychogalea frsenata. 

In all other Mammals the posterior portions of the Miillerian 
ducts become fused together to form an unpaired vagina, and a 
cloaca exists only in the embryo (comp. p. 236). A fusion may 
also take place more anteriorly, and, according to its extent, the 
most various forms of uteri result (uterus duplex, bicornis, 
bipartitus, and simplex), as is shown in Fig. 253, A to D. The 
Primates possess a simple uterus^ (Fig. 253, B), and in this case 
the primitively paired condition of the Miillerian ducts is seen only 
in the Fallopian tubes. The latter vary much in form, and their 
abdominal apertures are usually provided with fringe-like append- 
ages (fimbrise). The ureters, unlike those of Marsupials, always 
pass to the outer sides of the genital passage, the vagina being 
single. 

The ovaries are usually small, and rounded or oval in shape, 
their surface being either smooth, irregular, or furrowed. The 
point at which the nerves and vessels enter is not covered by 
peritoneum, and is called the hilum. 

The reader is referred to p. 300 and Fig. 254 for further details 
as to the more minute histological structure of the ovary and the 
formation of the ova. 

Remains of the mesonephros, known as the parovarium, are 
present in the neighbourhood of the ovary, oviduct, and uterus. 
These usually consist of small csecal tubes, forming a network, 
which are connected together by a collecting duct. In cases 
where the Wolffian duct persists in the female, it passes from 
the parovarium to the urinogenital sinus, and is spoken of as 
GUrtner^s duct (Fig. 236, A, Gg), as already mentioned oh p. 301. 

^ The abnormalities which sometimes occur in the human uterus and vagina can 
be often explained as atavisms. 



Fm. 262. — Female Oenbrativx Affaratits op Certain Harscpialb. A, IHdel- 
phya dorxigera {ja/v. ) ; B, Fhala'agUla vuipina ; C, FJtaKtAamyt vmnhai. (After 
A. Braas;) 

JW, kidnejB ; XJr, ureters ; Or>, ovary ; Ot {Fim), nMominal opening of Fallopian 
tabe ; Od, ovidact ; Ut, ntems ; Ut', openings of uteri into the Tsgioal oecDm, 
V^gB ; t, bend between uterus and Tsgius, Vg ; Fg', apertures of vsKinie into the 
unnogenital aiuus (Siig) ; S, urinary bladder ; r, rectum, irhich opens into 
the cloacal region {CI) atr' ; g, clitons ; *, t, rectal glands. 

T 2 
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A cnrious fold of the Bkin of the abdomen ia present to a greater or less degree 
in Marsupials and in Echidna. This pouch or marsnpium serves to prot«ct 
the^oung, which are bom in a verjnnripe condition, and thus reudeispossible 




E F 

Fio. 253. — Various Fokus of Uteri. A, B, C, D, diagrams showing the 
differeot stages in the fusion of the HiilleriaD ducts : A, uterus bicomia ; B, 
utcnis simplex ; C, uterus duplex ; D, uterus bipartitus. E> female urinoKenital 
apparatus of Jfiufaiino, with embrycw (*, ■}inthe uterus. P, ditto of Hedgehog 
(EriiincejiS), 

Od, Fallopian tutw ; Ut, ntems ; Vg, vagina ; Ce, cervix uteri ; Ot, abdominal aper- 
ture of Fallopian tube ; t, t, accessory seiaal glands ; r, rectum ; Sug, nrino- 
genital sinus ; N, kidney ; A'ii, adrenal ; Ur, ureter; B, minary bladder, 

a longer connection between the mother and embryo during lactation. The aper- 
ture of the marsupial pouch opens anteriorly or posteriorly, according to the 
mode of life of the animal, and is provided with a mascle capable of closittg it. 



GENERATIVE ORGANS. 



E, germmal epithelinm, ingrowths from which ext«Dd into the stroma of the ovary 
to form the ovarian tubes (PS) : the stroma ia penetrBted by vesseis (g, g) ; 
U, U, primitive ova ; S, cavity between the follittular cpitheliuin (tuoiea grann- 
losa, Mg) and the primitive ova ; I/, liquor follieuli ; A discus proligerua ; Ei, 
ripe oTum, with its germiDal vesicle (£') snd germinal apot ; Mp, zona pellncida, 
showing radiated atractnre ; Tf, theca follieuli. 



Fro. 255. — DiAOBAHHATic Seotioh of the Testis of a Mauhal. 

Ho, testis ; NH, epididymis ; Vd, vas deferena ; A, aHmginea of the testis, wbieh 
gives rise to the trabecnlie ((, () and the corpna Hi^hmori (t) ; L, L, coils of the 
seminal tnbules ; Vt, vaaa clferentia (rete Hsileri) ; Cv, coni vascalosi, which 
BTS connected together by the oollectii^ dnct, Vep ; Va, vas alerrans. 

As regards tbe male generative organs of Mammals, the 
tesfes arise in the same position as do the ovaries of the female. 
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The ovaries, however, never move in the course of development 
further backwards than the pelvis ; but each testis may pass out 
of the abdomen through a space in its wall, the inguinal canal ; 
it thuB comes to lie within a purse-like appendage of the hypo- 
gastric region called the scrotal sac. The two scrotal sacs may 



Fio. 255.— Male Urikogenital Apparatub of the Hbdobhob {Srijiaeeia). 
If, kidney ; Ur, ureters ; B, nrinsiy bladder ; Pm, membranoaa portion of 

-'*■*■- " - " — *, gi.i 



genital tube ; C^, corpus caTeraoaum ; Pp, prepnce ; Op, glaDS penia ; PJ>, 
preputial glands ; Crf, Cowper's gUnda ; Pr, Pr\ the different lobes of the 
pnntate ; Sb, Tencala Beminalis ; So, testis ; ^, epididymis ; Vd, Vifi, tss 
deferens, 

remain separate, or unite to form a scrotum. In passing out, 
the testes carry with them a portion of the peritoneum — the 
tunica vaginalis: if the inguinal canals remain open, they 
may be at times again withdrawn into the abdomen (i^. in 
Bodentia) ; this is effected by means of the cremaster muscje, 
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a continuation of the fibres of the internal oblique and transver- 
salis. When the inguinal canals become obliterated, the testes 
remain throughout life in the scrotum. 

In many Mammals, however, the testes remain permanently 
within the abdomen. Their size is not always proportionate to 
that of the body ; they are smooth, and somewhat oval in form, 
and are covered by a fibrous investment (Fig. 255, A), from which 
processes (trabeculse) usually extend inwards. In this way the 
seminal tubes are separated into definite bundles (Z, Z), and a sort 
of lattice-work is also formed (corpus Highmori, f), by means of 
which the elements of the rete Halleri (that is, the vasa 
efferentia, Ve) pass to the epididymis (NH), 

In the epididymis the seminal tubules become rounded oflf to 
form the so-called coni vasculosi, and these are connected tor 
gether by a collecting duct, the vas epididymis (Fig. 255, Gv, 
Ov, Vep). The vas deferens ( Vd) arises from the last conus vas- 
culosus, and gives rise towards its distal end, shortly before it 
opens into the urinogenital sinus, to glandular outgrowths (vesi- 
culae seminales), which may attain a relatively enormous size 
in Rodents and Insectivores (Fig. 256, Sb). From this point to 
its termination the seminal canal is spoken of as the ductus 
ejaculatorius. 

In many Mammals rudiments of the Miillerian ducts are pre- 
sent, and open into the urinogenital sinus. In some {e.g, Man), only 
the most postea-ior end of the latter remain, in the form of an un- 
paired vesicle (uterus masculinus), which lies embedded within 
an accessory genital gland, the prostate. This gland, which more 
or less completely surrounds the urinogenital sinus, consists of 
glandular tubules, connected together by means of fibrous and 
muscular tissue : its secretion is poured into the urinogenital sinus 
(compare Figs. 236, A to C, and 256). 
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External organs of generation, such as are present in the higher 
Vertebrates, are never found in Fishes, though in male Elasmo- 
branchs a specially modified portion of the pelvic fin serves as 
a copulatory organ ("clasper" or "pterygopodium"). It 
consists of a series of cartilages which are moveable upon one 
another, is covered by skin and muscles, and is provided with a 
channel along the inner side. It must be looked upon as a deriva- 
tive of the fin-rays. 

These claspers are inserted, in a closed condition, into the 
cloaca of the female, and thence into the oviducts; they are 
then opened out by means of special muscles, and the seminal 
fluid flowa ^long their channels into the- distended oviducts. In 
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connection with this apparatus .-^which looks like a series of 
surgical instruments, — ^there is a gland, surrounded by muscular 
fibres, which is formed as an involution of the integument ; iu 
its histological character this calls to mind the uropygial gland 
of Birds. 

Amongst the Amphibia, male Qymnophiona alone possess 
a true copulatory organ; this simply consists of the eversible 
cloaca, which reaches a length of five centimetres, and is regu- 
lated by a well-developed musculature. In Urodeles there 
is merely a marked swelling of the lips of the cloaca and urino- 
genital papilla during the breeding-season. 

Two kinds of copulatory organs are found in Reptiles, the 
one being seen in Lizards and Snakes, and the other in Chelonians 
and Crocodiles. 

In the former case, there are two erectile penes lying outside 
the cloaca, under the skin at the root of the tail. By a compli- 
cated muscular mechanism these can be drawn into the cloaca and 
thence everted, the seminal fluid passing along a spiral furrow in 
each. Similar organs are present — though much less developed — 
in the female also. 

Chelonians and Crocodiles possess a copulatory organ which is 
united to the ventral wall of the cloaca : it consists of two fibrous 
masses which are fused together in the middle line. Each half 
encloses a large cavity, which contains a large number of blood- 
vessels. The organ is regulated by well- developed muscles, and 
possesses a groove along its free surface, which may divide up 
into a series of channels at its apex. A representative of this 
organ is also present in the female. 

In most Ratitae, as well as in some Carinatse {e.g. in Water- 
Birds), a copulatory organ is present, and consists of an eversible 
tube, strengthened by two fibrous bodies ; in a condition of rest it 
lies coiled up in the left side of the cloaca. The everted organ is 
retracted by means of an elastic band. The penis of the Ostrich 
lies within a diverticulum of the cloaca, and somewhat resembles 
that of Chelonians and Crocodiles, 

The copulatory organs of Mammals may be divided into two 
groups, — viz., those of Monotremes, and those of other Mammals : 
the organs of Marsupials may be placed in a subdivision of the 
latter. In all cases the female apparatus (clitoris), — although as 
a rule less developed and usually not perforated by the urethral 
canal, — is formed essentially on the same type as that of the male. 

In Monotremes, the copulatory organ lies enclosed within a 
sac situated on the boundary between the urinogenital sinus and 
cloaca, and is fused with the ventral wall of the latter (Fig. 251, 
Gp) : in all other Mammals the organ arises in the embryo from 
the "genital prominence" on the ventral wall of the cloaca. 
A channel passes along the side facing the cloaca to the opening of 
the urinogenital sinus : this condition is usually retained through- 
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out life in the case of the female, while in the male the groove 
becomes closed to form a caoal, and the urethra is considerably 
lengthened. Three cylindrical bodies, composed of erectile tissue 
(two lateral corpora cavernosa and a median corpus spon- 
giosum), become developed in connection with the penis: these 
are connected with one another by a network of fibrous tissue, 
and are partially invested by muscles (Fig. 257, Gcp, Ccu). Corpora 



A 
Ccp. 




Fio. 257. — Semidiaohammatic Fioubb or the Human Penis. (A, transverso 

aection ; B, side view ; C, from below.) 

A, nlbnginea penis : A^, albi^inea nrethrBe, which givea rise to a septum at Sp ; 

S, sulcus dorsalis penis ; Cqj, corpne caveruotum ; Ceu., corpus sponijioBuni, 

which gives rise to the gluts penis at Qf, and forma an oval enlargement (bulbus) 

tXB', rd, n^, cnirs of the corpora ci 



cavernosa are also present in the clitoris, but a corpus spongiosum 
is wanting. In Marsupials and the higher Mammals the corpora 
cavernosa divei^e at their proximal ends to form two crura {rd, rd}) 
which are almost always attached to the corresponding ischia. 

In many Mammals a membrane bone (os penis) becomes 
developed in the septum between the corpora cavernosa (e.ff. many 
Monkeys, Bodents, Bats, Carnivores). In the Seal there is an os 
clitoridis in the female also. 
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The apex of the organ is spoken of as the glans (glans penis 
t?eZ clitoridis) ; this varies much in form, and lies enclosed within 
a fold of the skin, which in the male is called the foreskin or 
prepuce. The glans is provided with a special kind of tactile 
corpuscle. 

Finally, the accessory organs, which are known in the male as 
preputial and Cowper's glands, and the representatives of the 
latter in the female (glands of Bartholin i), must be mentioned 
(Fig. 256, Cd). All these, as well as the prostate {PD)^ — which 
belongs to the same category, — open at various points into the 
urethra, and have always a paired arrangement. 
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Amphioxus : — segmentation of ovum, 5 ; 
development of body-cavity, 9 ; inte- 
gnment, 17 ; notochord, 34, 38 ; spinal 
cord, 136 ; mouth, 212 ; thyroid, 225 ; 
alimentary canal, 228, 237, 239 ; gills, 
246 ; blood-corpuscles, 268 ; generative 
organs, 310 ^ 

Cyclostomes : — segmentation of ovum, 5 ; 
integument, 17 ; vertebral column', 34, 
38 ; skull, 63 ; branchial basket, 64, 118 ; 
brain, 136 ; cranial nerves, 158 ; olfactory 
organ, 171 ; eye, 184 ; semicircular canals, 
196 ; mouth, 212 ; homy teeth, 214 ; 
thyroid, 225; alimentary canal, 228; 
alimentary epithelium, 237, 239 ; liver, 
240 ; pancreas, 243 ; gills, 246 ; ab- 
dominal pores, 265 ; blood-corpuscles, 
268 ; heart, 277 ; urinogenital organs, 
300, 302, 310 

Fishes : — ^integument, 16 ; dermal skeleton, 
30 ; vertebral column, 34 ; ribs, 48 ; 
skull, 63 ; unpaired fins, 85 ; paired fins, 
86 ; pectoral arch, 87 ; pelvic arch, 92 ; 
free limbs, 99 ; dermal muscles, 113 ; 
muscles of the trunk, 113 ; muscles of 
the visceral skeleton and head, 118 ; 
muscles of the appendages, 121 ; electric 
organs, 124 ; spinal cord, 131 ; brain, 
134, 136 ; spinal nerves, 152 ; cranial 
nerves, 153 ; suprarenal bodies, 161 ; 
sense-organs of the integument, 163 ; 
olfactory organ, 171 ; eye, 184 ; retina, 
189 ; eye-muscles and eyelids, 191 ; 
auditory organ, 198, 205 ; relations of 
auditory organ with air-bladder, 207 ; 
teeth, 214 ; tongue, 222 ; thyroid, 225 ; 
thymus, 226 ; alimentary canal, 228 ; 
liver, 242; pancreas, 243; gills, 246, 
248 ; air-bladder, 251 ; abdominal pores, 
265 ; blood-vessels, 270 ; heart and its 
vessels, 277 ; arterial system, 288 ; 
venous system, 291 ; retia mirabilia, 292 ; 
lymphatic system, 292 ; spleen, 294 ; 
urinary organs, 296, 302 ; generative 
organs, 300, 310 ; claspers, 327 

DiPNOANS : — integument, 17 ; dermal 
skeleton, 30 ; vertebral column, 35, 38 ; 



ribs, 48 ; skull, 66 ; pectoral arch, 87 ; 
pelvic arch, 92 ; free limbs, 99 ; muscles 
of the trunk, 116 ; muscles of the ap- 
pendages, 121 ; brain, 142 ; cranial 
nerves, 153 ; sense-organs of the integu- 
ment, 163 ; olfactory organ, 172 ; lips, 
212 ; tongue, 222 ; alimentary caoAl, 
228 ; alimentary epithelium, 239 ; gills, 
246, 250 ; laryngo-tracheal chamber, 
253 ; lungs, 257 ; abdominal pores, 265 ; 
heart and its vessels, 280 ; urinary 
organs, 302 ; generative organs, 314 

Amphibians : — segmentation of the ovum, 
5 ; integument, 17, 18 ; dermal skeleton, 
19, 32 ; vertebral column, 39 ; ribs, 48 ; 
sternum, 51 ; skull, 70 ; pectoral arch, 
87 ; pelvic arch, 92 ; free limbs, 104 ; 
muscles of the trunk, 113 ; muscles of 
the visceral skeleton and bead, 119 ; 
muscles of the appendages, 121 ; ** dia- 
phragm," 122 ; spmal cord, 131 ; brain, 
134, 142 ; spinal nerves, 152 ; cranial 
nerves, 153 ; suprarenal bodies, 161 ; 
sense-organs of the integument, 163 ; 
tactile cells, 167 ; olfactory organ, 172 ; 
spouting apparatus of Gymnophiona, 
179 ; eye, 186 ; retina, 189 ; eye-muscles 
and eyelids, 191 ; glands of the eye, 
192 ; auditory organ, 198, 205 ; teeth, 
214 ; glands of the mouth, 221 ; tongue, 
222 ; thyroid, 225 ; thymus, 226 ; ali- 
mentary canal, 228 ; liver, 241 ; pancreas, 
243 ; gills, 246, 250 ; air-passages, 253 ; 
lungs, 257 ; blood-corpuscles, 268 ; al- 
lantois, 273 ; heart and its vessels, 281 ; 
arterial system, 288 ; venous system, 
291 ; lymphatic system, 292 ; spleen, 
294 ; urinary organs, 296, 304 ; genera- 
tive organs, 310 ; copulatory organs, 328 

Reptiles : — ^integument, 20 ; dermal 
skeleton, 32 ; vertebral column, 42 ; 
ribs, 49 ; sternum, 51 ; skull, 74 ; pec- 
toral arch, 87 ; pelvic arch, 94 ; free 
limbs, 105 ; muscles of trunk, 116 ; 
muscles of the visceral skeleton and 
head, 120 ; muscles of the appendages, 
121; "diaphragm," 122; brain, 132, 
134, 144 ; spinal nerves, 152 ; cranial 
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nerves, 153 ; suprarenal bodies, 161 ; 
end-bulbs, 166 ; tactile cells, 167 ; Pa- 
cinian corpuscles, 169 ; olfactory organ, 
174 ; Jacobson's organ, 178 ; retina, 189 ; 
eye-muscles and eyelids, 191 ; glands of 
eye, 192 ; auditory organ, 199 ; teeth, 
215 ; glands of mouth, 221 ; tongue, 
223 ; ^imentary canal, 231 ; alimentary 
epithelium, 239 ; pancreas, 243 ; air- 
passages, 254 ; lungs, 258 ; abdominal 
pores, 265 ; allantois, 273 ; heart and its 
vessels, 284 ; arterial system, 288 
venous system, 291 ; retia mirabilia, 292 
spleen, 294 ; urinary organs, 296, 307 
generative organs, 317 ; *copulatory 
organs, S28 

Birds : — ^segmentation of ovum, 5 ; in- 
tegument, 20 ; vertebral column, 43, 
44 ; ribs, 50, 53 ; sternum, 51 ; skull, 
78 ; pectoral arch, 90 ; pelvic arch, 94 ; 
limbs, 106 ; muscles of the trunk, 117 ; 
muscles of the visceral skeleton and 
head, 120 ; spinal cord, 131 ; brain, 134, 
147 ; cranial nerves, 153 ; suprarenal 
bodies, 161 ; tactile cells, 167; Pacinian 
corpuscles, 169 ; olfactory organ, 175 ; 
eye, 186 ; retina, 189 ; eye-muscles and 
eyelids, 191 ; glands of the eye, 192 ; 
auditory organ, 199, 205 ; glands of the 
mouth, 222 ; tongue, 223 ; thyroid, 225 ; 
thymus, 226 ; alimentary canal, 233 ; 
pancreas, 243 ; air-massages, 255 ; lungs 
and air-sacs, 259 ; circulation in embryo, 
272 ; allantois, 273 ; heart and its 
vessels, 286 ; arterial system, 288 ; 
venous system, 291 ; lymphatic system, 
293 ; lymphatic glands, 294 ; urinary 
organs, 296, 307 ; generative organs, 
300, 317 ; copulatory organs, 828 

Mammals : — segmentation of ovum, 5 ; 
integument, 23 ; mammary glands, 27 ; 
dermal skeleton, 32 ; vertebral column, 
43, 46 ; ribs, 50 ; sternum, 51 ; skull, 
80 ; pectoral arch, 91 ; pelvic arch, 98 ; 
limbs, 108 ; muscles of trunk, 117 ; 
muscles of visceral skeleton and head, 
120 ; muscles of appendages, 121 ; dia- 
phragm, 122 ; spinal cord, 131 ; brain, 
132, 134, 148 ; spinal nerves, 152 ; 
cranial nerves, 153 ; suprareuals, 161 ; 
end-bulbs, 166 ; tactile cells, 168 ; Pa- 
cinian corpuscles, 169 ; olfactory organ, 
176; Jacobson's organ, 179 ; eye, 188; 
retina, 189 ; eye-muscles and eyelids, 
191 ; glands of eye, 192 ; auditory organ, 
201 ; histology of cochlea, 206 ; ups, 
212 ; teeth, 213, 216 ; glands of mouth, 
222 ; tongue, 223 ; thyroid, 225 ; 
thymus, 226 ; alimentary canal, 211, 
234 ; alimentary epithelium, 239 ; liver, 
243 ; pancreas, 243 ; air-passages, 255 ; 
lungs, 263 ; blood^corpuscles, 268 ; 



allantois and placenta, 274 ; heart and 
its vessels, 286 ; arterial system, 288 
venous system, 291 ; retia mirabilia, 292 
lymphatic system, 293 ; tonals, 293 
lymphatic glands, 294 ; urinary organs. 
296, 308 ; generative organs, 300, 320 
copulatory organs, 328 
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Abdominal pores, 265 
Abomasum, 236 
Acetabulum, 93—98 
Acrodont dentition, 215 
Acromion, 91 
Adrenals, 161 

Aetosaums, exoskeleton, 32 
Air-bladder, 245, 251 
Air-passages, 253 
Air-sacs, 259 

Alimentary canal, 208 — ^237 
development of, 7 
appendages of, 240 — 243 
mucous membrane of, 237 
Allantois, 10, 231, 273, 274 
Alopecias, number of vertebrae, 37 
Alveoli of lung, 252 
Amblyopsis, abortion of eyes, 186 
Amblystoma, development of vertebral 

column, 40 
Amia, fusion of anterior vertebrae with 

skull, 67 
Amiurus, sensory sacs, 166 
Ammocoetes : — notochord, 34 ; brain, 137 ; 

eye, 185 ; thyroid, 225 ; alimentary 

epithelium, 237 ; gills, 246 
Ammodytes, pyloric c»cum, 229 
Amnion, 10, 276 
Amphicoelous vertebrae, 36 
Amphiuma, trachea, 253 
Ampullar of semicircular canals, 196 
Anabas, branchial chamber, 250 
Anastomosis of Jacobson, 158 
Anguilla, lateral nerve, 165 
Auguis : — embryonic limbs, 90 ; brain, 144; 

teeth, 215 
Anteater, palate, 82 
Antlbrachium, 102 
Antihelix, 198 
Antitragus, 198 
Antlers, 83 

Antrum maxillare, 176 
Apatosaurus, dimensions of vertebrae, 43 
Aponeurosis, pulmonary, 262 
Appendices auriculae, 278 
Aptervx : pelvis, 96 ; manus, 107 
Aqueduct of Sylvius, 134, 142 
Aqueductus cochleae, 205 
Aqueductus vestibuU, 205 
Arachnoid, 135 
Archenteron, 6, 237 
Arches, neural and haemal, 85 
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Archaeopteiyx : — vertebr», 44 ; ribs, 50 
skull, 78'; scapula, 91 ; pelvis, 45, 98 
wing, 106 ; foot, 108 ; brain, 147 
teeth, 216 

Argentea of choroid, 186 

Armadillo : — dermal skeleton, 32 ; skull, 83 

Arteries, development of, 268, 270 

Arteries : — allantoic, 272, 276, 289 ; aorta 
(dorsal), 270, 277—290 ; aorta (ventral). 
278 ; aortic arches or roots, 270, 276 — 
290; arterial arches, 270, 283—285 
axillary, 288 ; brachiocephalic, 287 
branchial, 270, 279—283 ; carotid, 270 
277, 288, 290; caudal, 270, 288—290 
coeliac, 288, 29?) ; coeliaco-mesenteric 
279, 288—290 ; crural, 288—290 ; cu 
taneous, 289 ; digital, 288 ; epigastric 
289, 290; genital, 288; hepatic, 289 
hyaloid, 183 ; hypogastric, 288—290 
iliac, 288, 289, 291 ; intercostal, 288 
intestinal, 288, 289; lumbar, 288 
median sacral, 288 ; mesenteric, 288 
oesophageal, 284, 290 ; omphalo-mesen 
teric, 270 ; ovarian, 289 ; palmar arches 
288 ; pulmonary, 270, 277—287, 290 
radial, 288 ; rectal, 289, 290 ; renal 
279, 288, 289; sciatic, 290, 291 
stapedial, 203 ; subclavian, 276 — 288 
290 ; urinogenital, 290 ; ulnar, 288 
vertebral, 277, 290 ; vesical, 289 ; vitel- 
line, 270 

Artlodactyle foot, 109 

Arytenoid cartilages, 254 

Ascalabota, vertebrae, 42 ; ductus endolym- 
phaticus, 205 

Ascidians, thyroid, 225 

Ateles, caudal vertebrae, 47 

Atlantosaurus, dimensions, 43 

Atlas : — of Amphibians, 42 ; of Reptiles, 
43 ; of Birds, 45 ; of Mammals, 46 

Atrial pore of Amphioxus, 246 

Atrio-ventricular aperture, 279, 287 

Atrium, 269 

Auditory organ, 194 — 207 : — development 
of, 195 ; relations with air-bladder, 207 

Auditory ossicles, 198, 202 ' 

Auditory region of skull, 58 

Autostylic skulls, 65 



B. 



Bacilli of basement m'embrane of cochlea, 

206 
Baleen, 27 

Balistes, exoskeleton, 31 
Basal processes of vertebrie, 35, 42 
Basilar plate, 57 
Basipterygium, 99 
Bidder's organ, 316, 317 
Bile-duct, 242 
Blastoderm, 5 
Blastopore, 6 
Blastosphcre, 5 



BUistula, 5 

Blood-eorpascles, development and form 
of, 268 

Boar, tusks of, 220 

Body-cavity, 9 

Bones, cartilage-, membrane-, and invest- 
ing-, 62 

Brachium, 102 

Bradypus, cervical vertebrBp, 46 

Brain, 131 — 151 :— development of, 131 ; 
membranes of, 135; cerebellum, 132,133; 
cerebrum, 132; convolutions, 132; corpora 
bigemina, 132 ; corpora restiformia, 138 ; 
corpus callosum, 132, 148 ; crura cerebri 
etcerebelli, 150; epiphysis, 133; foramen 
of Monro, 134 ; fornix, 132 ; hypophysis, 
133 ; infundibulum, 133 ; lobi electrici, 
138; lobi inferiores, 138, 142; lobi 
nervi lateralis, 139 ; lobes, central, of 
prosencephalon, 148 ; medulla oblongata, 
132 ; mesencephalon, 132 ; meten- 
cephalon, 132 ; myelencephalon, 132 ; 
optic chiasma, 155 ; optic lobes, 132 ; 
optic thalami, 132; optic vesicles 
(primary), 132, (secondary), 182 ; 
pallium, 132, 137 ; peripheral portion 
of prosencephalon, 132 — 137 ; pineal 
gland, 132, 142 ; pituitary body, 133 ; 
processus infundibuli, 138, 142 ; pros- 
encephalon, 132, 137 — 150 ; sacci 

- vasculosi, 138, 142 ; thalamencephalon, 
132 ; veutricles, 131, 133, 134 ; vermis, 
133 

Brain-case, 57 

Branchial arches, 60, 65—68, 74, 78, 80, 
84, 248 

Branchial clefts, 54, 159, 198, 245 

Branchiomerism, 56 

Branchiostegal membrane and rays, 69 

Bronchi, 252 :— main and lateral, 259, 262, 
263 ; eparterial and hyparterial, 263 

Bttlbus arteriosus, 269, 279 

Bursa Fabricii, 234 

Bursse anales, 233 

Butirinus, spiral valye, 229 



0. 



Cwcum, 209, 233, 236 

Calamus, of feather, 22 

Calcaneum, 105, 106, 109 

Calyces, 308 

Campanula Halleri, 185 

Canaiis reuniens, 199 

Canine teeth, 214, 216 

Canis : — teeth, 218 ; stomach, 235 

Cannon-bone, 110 

Capillaries, 269 

Carapace, 32 

Carcharias : — placenta, 12 ; number of 

vertebrae, 37 
Cardiac portion of stomach, 234 
Carina sterni, 51 

Z 
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Carpus, 102—109 

Cartilages :— Meckel's, 61, 202 ; plough- 
share, of Buschke, 179 ; of Wrisberg 

and Santorini, 257 
Cartilage-bones, 62 
Cauda equina, 131 
Cavicomia, horns of, 83 
Cavum endolymphaticum, 196 
maxillare, 172, 176, 178 
perilymphaticum, 196 
Cells, 1 : — ^granular, 18 ; goblet, 18 ; 

ganglion, 129, 163 ; sensory and suj)- 

porting, 162 
Cement of teeth, 212 
Centra of vertebrae, 36 
Centrale, 104, 105, 109 
Ceratodus : — fins, 99 ; muscles of fins, l^ 

121; lateral nerve, 165; lungs, 257;;; 

abdominal pores, 267 
Ceratophrys, dermal skeleton, 32 
Cere, tactile cells of, 167 
Cerebral flexure, 135 
Ceruminous glands, 26 
Cetacea : — cervical vertebne, 46 ; i>hal- 

anges. 111 ; dentition, 213 
Chsetodon, teeth, 214 
Chameleon : —tongue, 223 ; lungs, 258 
Chauliodus, teeth, 214 
Cheirocentrus, spiral valve, 229 
Chevron bones, 43, 47 
Chimpanzee, larynx, 256 
Chlamydoselache, operculum, 249 
Choanee, 170, 173 
Choloepus, cervical vertebrae, 46 
Choroid, 183 
Choroid fissure, 183 
Choroid "gland," 186 
Chorion frondosum and laeve, 276 
Ciliary folds, 183 
Ciliai^ ligament, 185 
Cirrhi of mouth of Amphioxus, 212 
Circulation (foetal), 270 
Cistcma chyli, 293 
Claspers, 101, 327 
Classification of Vertebrates, 13 
Clavicles, 87—91 
Clitoris, 328 
Cloaca, 231—234, 236 
Cobitis, external gills, 250 
Coccyx, 47 
Cochlea, 196 ; bony, 203 ; histology of, 

206 
Coelenterate, diagram of, 237 
Coelome, 9 
Colibris, tongue, 223 
Colon, 209, 236 
Colostrums, 28 
Columella auris, 199 
Columns of Bertini, 310 
Cones of retina, 190, 191 
Coui vasculosl, 327 
Conjunctiva, 184, 192 
Contour feathers, 22 
Conus arteriosus, 269, 279—282 



Copulatory organs, 327 

Coracoid, '89—91 

Corium, 16 

Cornea, 184 

Corpora adiposa, 317 

Corpora cavernosa and corpus spongiosum, 

329 
Corpus Highmori, 327 
Corpuscles : — of blood, 268 ; Pacinian, 

169, 223 ; of Grandry, 169 
Cortex of hair, 24 
Cranial nerves, 153 
Cranium, 57 
Cribrifonn plate, 80 , 
Crista acustica, 197 
Crop, 234 
Crus, 102 

Crypts of intestine, 239 
Cuboid, 109 
Cuneiform, 109 
Cupula terminal is, 205 
Cuticle of hair, 24 
Cutis, 16 



1). 



Dactylethra, epi pubis, 93 

Dasypus, milk dentition, 213 

Deciaua, vera and reflexa, 276 

Dental formulae, 220 

Denticles, dermal, 31 

Dentine, 212 

Dentition, milk, 213 

Deer, larynx, 256 

Derma, 16 

Dermal skeleton, 30 — 33 

Ddrmostosis, 62 

Deuteroplasm, 5 

Development :— ^general, 2 — 12; feathers, 
20 ; nairs, 24 ; teats, 27 ; dermal skele- 
ton, 31 ; vertebral column, 33 ; tail of 
Fishes, 38 ; coccyx, 47 ; ribs, 48 ; 
sternum, 51, 53 ; skull, 54, 57, 59, 61 ; 
horns, 83 ; limbs, 85, 86 ; muscles, 
112, 120, 121 ; electric organs, 126 ; 
central nervous system, 129 ; brain, 
131 ; nerves, 151 ; sympathetic, 160 ; 
suprarenals, 161 ; sensory end-organs, 
162 ; olfactory organ, 170 ; eye, 181 ; 
glands of eye, 192 ; auditory organ, 
194 ; teeth, 212 ; tongue, 226 ; thyroid, 
225 ; thymus, 226 ; intestinal crypts, 
239 ; gills, 245 ; air-bladder, 251 ; lungs, 
252 ; air-sacs, 262 ; heart, 269 ; placenta, 
274 ; urinogenital organs, 296—302 

Diaphragm, 122 

Diastema, 217 

Didelpliys, urinogenital orgins, 320 

Digestion, intracellular, 237 

Digits, 104—110 

Dinosauria :— dimensions, 43 ; pelvis, 
96, 98 

Dlphy cereal tail, 38 
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Diphyodonts, 213 
Discosaurus, dermal skeleton, 82 
Diverticulum ctecum, 234 
Down-feathers, 22 

Duck : — caudal vertebrse, 45 ; rudiment 
of third finger, 107 ; lungs and air>sacs, 
260, 261 
Duct :— Leydig's, 301, 303 ; hepatic, 242 ; 
naso-lacrymal, 174 ; naso-paUtine of 
Myxinoids, 171 ; pancreatic, 243 ; pneu- 
matic, 251 ; of Steno, Wharton, and 
Bartholini, 222 
Ductus Botalli, 284 

cochlearis, 199, 204 
Cuvieri, 271 

endolymphaticus, 202, 205 
ejacufatorius, 327 
perilymphaticus, 205 
thyreoglossus, 225 
sacculo-utricularis, 177, 199 
venbsus, 270 
Dugong, teeth, 220 
Duodenum, 209 
Dura mater, 135 



E. 



Ear -.—internal, 195—206 ; external, 198 

Echeneis, suctorial disk, 85 

Echidna : — mammary pouch, 27 ; pelvis, 
97 ; anterior abdominal vein, 291 ; eggs, 
320 ; urinogenital organs, 321 

Ectobronchia, 262 

Ectoderm, 6 

Ectostosis, 62 

Edentata, teeth, 213 

Effg-cell, 2 

Elastica limitans externa and interna, 33 

Electric organs, 124 — 128 

Electric plate, 127 

Emys, tongue, 224 

Enaliosaurus, abdominal ribs, 50 

Enamel, 32, 212 

End-bulbs, 166 

Endoderm, 6 

Endolymph, 196 

Endostosis, 62 

Ensiform process, 53 

Enterocoeles, 9 

Entobronchia, 262 

£nt(^lo8sal, 61 

Ephippifer, exoskeleton, 32 

Epiblast, 6, 151 

Epicrium : — external gills, 251 ; eggs, 316 

Epidermis, 16 

Epididymis, 327 

Epiglottis, 255 

Epiphyses of vertebrse, 46 

Epiphysis cerebri, 132, 142 

Epipubis, 93, 98, 117 

Epithelium, 1 : — pigment of retina, 183 ; of 
alimentary canal, 237 ; germinal, 299 

Erinaceus, teeth, 217 



Erythrina, air-bladder, 251 

Ethmonasal septum, 58 

Eustachian aperture, 73 

Eustachian tube, 198 

Exoskeleton, 30—33 

Extra-branchials, 63, 74 

Eye, 181—194 : — glands in connection 

with, 192 ; muscles of, 191 
EyeUds, 191 



F. 



Fallopian tube, 302, 322 

Fat-bodies, 294, 317 

Feathers, 20 

Femur, 102 

Fenestra : — rotunda, 80, 205 ; ovalis, 70, 

80, 198, 205 ; vestibuli cartilaginei, 197 
Fertilisation of ovum, 3 
Fibres, 1 : — connective-tissue, 16 ; nerve, 

129 
Fibula, 104 
Fibulare, 104 
Filum terminale, 131 
Fimbriae of Fallopian tube, 322 
Fin-rays, 85, 99 
Fins, 85 
Food-yolk, 5 
Foramen cordiforme, 95 
Foramen ovale (of heart), 287 
Foramen Panizzse, 285 
Fulcrum of retina, 190 
Furcula, 90 



G. 



Gall-bladder, 242 

Ganglia of sensory nerves, 151 

Ganglion, ciliary, 156 

Gartner's duct, 301, 322 

Gastrula, 6 

Generative cells, development of, 299, 300 

Generative organs, 310 — 327 

Gkrminal epithelium, 299 

Germinal membranes, 5 

Germinal spot, 2 

Germinal vesicle, 2 

Gill-arches, 59—61, 63—66, 68, 74, 80, 84 

Gill-clefts, 54, 159, 198, 245 

Gill-cover, 65 

Gills, 245, 251 

Gills, external, 246, 251 

Gills, spiracular, 250 

Giraffe, horns of, 83 

Gizzard, 233 

Glands : — Bowman's, 177 ; of Bartholini, 
330 ; ceruminous, 26 ; cervical, of Cha- 
mois, 27 ; of claspers, 327 ; Cow^er's, 330 ; 
digestive, 239; femoral, 20; genital, 310 — 
320, 326—327 ; Harderian, 193 ; hibern- 
ating, 294 ; integumentary, 18 — 20, 23 — 
28 ; inteiinaxillary or intemasal, 193 ; 
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labial, 221 ; lacrymal, 198 ; of Lieber 
kiikn, 239; lingual, 221, 222; lymphatic 
294 ; mammary, 27 ; Meibomian, 27 
194 ; nasal (external) of Birds, 176 
of olfactory mucons membrane, 173 
175 ; orbital, of Gymnophiona^ 180 
ovidiical, 311 ; palatine, 221 ; parotid 
222 ; peptic, 239 ; perineal, 27 ; pharyn 
geal, 221 ; poison, 221 ; preputial, 27 
330 ; prostate, 327, 330 ; sebaceous, 24 

. 26 ; of Stenson, 177 ; sublingual, 222 
sweat, 26; "tentacular," of Gynmo 
phiona, 180 ; uropygial, 23 

Glans penis and clitoridis, 330 

Glaserian fissure, 202 

Glomerulus, 297, 304 

Guathostomata, 63 

Gonads, 310—320, 325—827 

Guinea-pig, milk dentition, 213 

Gullet, 209, 228, 234 

Gut, postanal, 86 

Gymnarchus, electric organ, 125 

Oymnophiona : — scutes, 20, 32 ; olfactory 
nerves, 155 ; spouting apparatus^ 179 ; 
external gills, 251 ; eggs, 316 

Gymnotus : — electric organs, 124 ; Iftteiral 
nerve, 165 

Gyri, 132 

Gyrinophilus, vertebral column^ 40 



H. 



Hair, 24 

Halmaturus, third vagina, 322 

Hatteria : — vertebiw, 42 ; uncinate pio- 

cesses, 50 ; teeth, 215 
Heart, 268—287 
Hedgehog, teeth, 217, 220 
Heloderma, teeth, 216 
Heptanchus, skull, 64 ^ 
Heredity, 2 

Hermaphrodite structures, 814, 316 
Hesperornis : — brain, 147 ; teeth, 216 
Heterocercal tail, 38 
Heterodont dentition, 213 
Hilum, of kidney, 308 

of ovary, 322 
Histology, 1 
Holoblastic ova, 5 
Homocercal tail, 38 
Honiodont dentition, 213 
Homodynamy of limb-arches, 87 
Horns, 83 
Humour, vitreous, 183 

aqueous, 184 
Hyoid, 60, 78, 84, 199, 202, 222 
Hyomandibular, 61, 70, 202, 226 • 
Hyostylio skulls, 65 
Hypoblast, 6 
Hypophysis cerebri, 132 
Hyrax, cieca of, 236 
Hystrix, teeth, 218 



I. 



Ichthyomls, vertebrae, 44 

Idioplasm, 4 

Ignanodon, pelvis, 96 

Ileum, 209 

Iliac processes of Dipnoi, 92 

Iliac tract of Chimera, 92 

Ilium, 92—98 

Impregnation, 4 

Incisor teeth, 214, 216 

Incisura acetabuli, 98 

Incus, 202 

Infundibula of lung, 252 

Inguinal canal, 326 

Insectivora, milk dentition, 213 

Integument, 16—28 ; sensory organs of, 163 

Intercalary pieces of vertebrae^ 36 

Interclavicle, 90 

Intermedium, 104, 109 

Interorbital septum, 57, 75 

Interspinous bones, 37 

Intertrabecula, 58, 65 

Intestine, sm^l and large, 209 

Iris, 183 

Ischium, 93—98 

J. 

Jacobson, anastomosis of, 158 ; organ ol^ 

177 
Jejunum, 209 



Kidney, 296—310 



K. 



L. 



Labium vestibulare, 206 

Labyrinth :— membranous, 195 ; bony, 
196 

Lacerta :— internal ear, 200 ; tongue, 224 

Lacteals, 293 

Lagena, 198, 199 

Lamina fusca, 184 

Lamina spiralis ossea, 203 

Lamna, number of vertebrae, 87 

Lanugo, 26 

Laryngeal pouches, 257 

Laryngo-tracheal chamber, 253 

Larynx, 253, 257 

Lateral line, sensory organs of, 165, 194 

Lemurs, teats of, 28 

Lens, 183, 185 

Lepidosteus : — vertebrae, 37 ; tail, 88 ; de- 
velopment of oviduct, 313 

Leucocytes, 28, 239, 293 

Ligaments, intervertebral, 84 

Ligamentum nuchae, 46 

Limbs : — unpaired, 85 ; paired, 86 — 111 

Limitans externa and interna of retina, 189 

Liver, 209 

Lizards :— fiubvertebral wedge-bones, 43 ; 
caudal vertebrae, 43 
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Lobes of lung, 264 

Lophius, lure of, 139 

Lophobranchii, ribs, 48 

Lungs, 252—265 

Lymph, 268, 293 

Lympb-hearts, 293 
sinuses, 293 

Lymphatic glands, 294 
system, 292 
trunks, 205, 293 

Lymphoid substance in relation with 
urinogenital organs : — of Teleostei and 
Ganoidei, 304 ; of Amphibia, 317 ; of 
Reptilia, 320 

Lytta, 225 

M. 

Macula lutea, 190 

aeustica, 197 

neglecta, 197 
Malapterurus, electric organs, 124 
Manatus, cervical vertebrae, 46 
Mandible, 64—84 
Mandibular arch, 60 
Manis : — scales, 27 ; number of caudal 

vertebrae, 47 
Manubrium stemi, 53 
Manus, 102 

Marsupial bones, 93, 98, 117 
Marsupium, 324 
Meatus, external auditory, 198 
Meckel's cartilage, 61, 202 
Mediastinum, 265 
Medullary plate, 7 

cord, 7, 129 

groove, 129 
Membrana basilaris, 199, 202, 204 

Reissneri, 202, 204 

reticularis, 206 

tectorial. Corti, 206 

tympani, 73, 198, 199 

tympaniformis, 255 
Membranous labyrinth, 195 
Menisci of vertebrae, 43 
Meroblastic ova, 5, 6 
Mesentery, 208 
Mesoarium, 311 
Mesoblast, 6 
Mesoblastic somites, 9 
Mesobronchium, 262 
Mesoderm, 6 

Mesonephros, 296—299, 802—304, 322 
Mesopterygium, 99 
Mesorchium, 311 
Metacarpus, 104 

Metamerism of head and body, 54 
Metanephric duct, 301, 307, 309 
M6tanephro8, 299, 307—310 
Metapterygium, 99 
Metastemum, 53 
Metatarsus, 104 

Microgale, number of caudal vertebrae, 47 
Micropyle, 4 



Milk dentition, 213 

Molars, 214, 216 

Monitor, tongue, 224 

Monophyodonts, 213 

Morphology, 2 

Morula, 5 

Moulting, 22 

Mouth, 212 

MuUerian duct, 300—304, 316, 320 

Mus, stomach, 235 

Muscles, 112 — 122 : — of appendages, 121 ; 
arrectores pili, 24 ; of branchial arches, 
118 ; buccinatorius, 121 ; bursalis, 191 ; 
ciliary, 184 ; constrictor of iris, 184 ; 
constrictor of glottis, 253, 255 ; coraco- 
hyoid, 118; coraco-mandibular, 118; 
costo-pulmonary, 262 ; Crampton's, 
187 ; cranio- visceral, 118 ; cremaster, 
326 ; depressor of eyelid, 192 ; de- 
pressor tarsi, 121 ; dermal, 112, 113 ; 
diaphragmatic, 122 ; digastric, 119, 
158 ; dilator of glottis, 253, 255 ; dik- 
tor of iris, 184 ; of eye (recti, obliqui, 
and retractor bulbi), 191 ; facial, 120; 
genio-hyoid, 119, 120; genioglossus, 
119, 120; hyoglossus, 119, 120; ileo- 
costalis, 116; intercostal, 116, 11^;- 
interspinales, 116 ; lateral, 113 ; levator 
anguli oris, 121 ; levatorea costarum. 
116 ; levator of eyelid, 192 ; levator 
labii superioris propriuf:, 121 ; longissi- 
mus, 116 ; masseter, 119 ; masticatory, 
112 ; multifidi, 116 ; mylohyoid, 110, 
120; obliquus abdominis, 116, 117; 
omohyoid, 119, 120 ; pectoralis major, 
117; platysma myoides, 113, 121 ; pro- 
nators, 122 ; pterygoid, 120 ; pyramid - 
alis abdominis, 99, 117 ; pyramidalis of 
eye, 191 ; quadratus of eye, 191 ; quad- 
ratus luraborum, 116 ; rectus abdominis, 
116, 117 ; scaleni, 116 ; semispinales, 
116 ; sphincter oris, 121 ; sphincter 
coll is, 121 ; splenii, 116 ; stapedius, 
202 ; sternocleidomastoid, 159 ; stemo- 
hyoid, 117, 119, 120; sternothyroid, 117, 
120 ; stylohyoid, 120, 158 ; styloglossus, 
120 ; stylopharyngeus, 120 ; supinators, 
122; temporal, 119, 120; thyro-hyoid; 
120 ; transversalis abdominis, 116, 117, 
122 ; trapezius, 159 ; triangularis stemi, 
117 ; of trunk, 113 ; of visceral skele- 
ton and head, 118 
Musk-deer, teeth, 220 

Mustelus : — umbilical placenta, 12 ; foetal 

membranes, 312 
Mycetes: — larynx, 256 

Myocommata or myotomes, 48, 113 



N. 



Nares, external and internal, 67, 170, 

173 
Narwhal, teeth, 220 



342 



INDEX. 



NasaHs, teetb, 219 

Naso-palatine duct of Cyclostomes, 171 

Naso-lacrymal duct, 174, 194 

Navicular, 109 

Neomorph, 33, 48, 236 

Nephridia, 296 

Nephrostomes, 297, 802, 304, 307 

Nerve, lateral, 158, 165 
phrenic, 122 

Nerve-roots, 151, 152 

Nerves: — cranial, 163—160; olfactory, 154; 
optic, 132, 155 ; oculomotor, trochlear, 
and abducent, 156; trigeminal, 118 — 120, 
126, 156, 165, 193; facial, 60, 118—120, 

158 ; auditory, 158 ; glossopharyngeal, 
60, 118—120, 158 ; vagus, 60, 118, 119, 
158, 160, 165, 284 ; spinal accessory, 

159 ; hypoglossal, 119, 159 
Nerves: — spinal, 152 

Nervous system : — central, 129 — 151; peri- 
pheral, 151— 160; sympathetic, 129, 152, 
160 

Neural tube, 9 

Neurenteric canal, 129 

Neurilemma, 129 

Neuroglia, 129 

Neuropore, of Tunicata and Amphioxns, 
133 

Nictitating-membrane, 192 

Nose, external, 177 

Nothosaurus, abdominal ribs, 50 

Notochord, 10, 33—47 

Notodelphys, external gills, 251 

Nucleus, 3 



O. 



Obturator foramen, 95 

Odontoid bone, 43 

Odontomithes, teeth, 216 

(Esophagus, 209, 228, 234 

Olfactory organ, 170—177 

Olfactory region of skull, 68 

Olfactory scrolls, 176 

Omostemum, 51 

Ontogeny, 1 

Opercular bones, 69 

Operculum, 65, 158, 249, 250 

Orbicular apophysis, 202 

Orbital region of skull, 58 

Orbital ring, 69 

Organ of Corti, 201, 202, 206 

Organs, 1 : — electric, 128 ; sensorv, 162 — 
207 ; of nutrition, 208—243 ; of respira- 
tion, 245—265 ; of circulation, 268— 
294 ; urinogenital, 296—330 

Omithorhyncnus : — eggs, 5, 320 ; pectoral 
arch, 91 ; urinogenital organs, 321 

Omithoscelida, sacral vertebra;, 43 

Orthagoriscus, spinal cord, 131 

Os penis and clitoridis, 329 

Ossiiication, 62 

Otoliths, 196 



Ovary, 311—320, 322, 325 
Oviducal gland, 311 
Oviduct, 302, 311—32 
Ovipositor, 311 
Ovotestis, 316 
Ovum, 2 



P. 



Palaeontologv, 1 

Palate, 75, 81, 209 

Palpebr®, 184 

Pancreas, 243 

Panniculus adiposns, 26 

Papilla acustica, 198, 199, 202 

PapillsB, of tongue, 166, 222 

Parabronchia, 262 

Parachordal cartilages, 57 

Paradoxurus, number of caudal vertebrjp, 
47 

Parorchis, 298, 306, 320 

Parostosis, 62 

Parovarium, 298, 322 

Parrot : — ^number of vertebrae, 46; fronto- 
nasal joint, ^80 

Pars acetabularis, 93 — 98 

Pars basilaris, 198 

Pars superior and inferior of membranous 
labyrinth, 198 

Patella, 110 

Pecten, 188 

Pectineal process of pubis, 98 

Pectoral arch, 86—91 

Pelvic arch, 86, 92 

Pelvis of kidney, 309 

Penis, 328 

Pennse, 22 

Pericardium, 208, 265, 268 

Perilymph, 196 

Perissodactyle feet, 109 

Peritoneal funnels, 297, 302 

Peritoneum, 208 

Pes, 102 

Phalanges, 104 

Phalangista, urinogenital organs, 322 

Phagocytes, 239 

Phascolomys, urinogenital organs, 322 

Pharynx, 209 

Phyllodactylus : — tongue, 224; larynx, 254 

Phylogeny, 1 

Physiology, 2 

Physoclisti, 251 

Physostomi, 251 

Pia mater, 135 

Pigment of retina, 183 

Pigment of skin, 19 

Pineal gland, 132, 142 

Pinna of ear, 198 

Pisiform bone, 106, 109 

Pituitary body, 133 

Pituitary space, 57 

Placenta, 10, 274 

Placenta, umbilical, 12 
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V 



Plastron, 32 

Pleura, 208, 264 ' 

Pleurodont dentition, 215 

Pleuronectidffi, asymmetry of head, 70 

Plexus choroidei, 136 

Plica semilunaris, 192 

Pluma, 22 

Pneumatic bones, 107, 262 

Poison-fangs, 215 

Polar cells, 3 

Polymastism, 28^ 

Polypterus: — olfactory organ, 172 ; horny 
teeth, 214 ; external gills, 250 ; air- 
bladder, 251, 252 

Polythelism, 28 

Precoracoid, 87, 89 

Prehallux, 109 

Premolars, 214, 216 

PrepoUex, 109 

Prepuce, 330 

Pristiurus : — number of vertebi-ae, 37 ; de- 
velopment of fins, 87 

Processus falciformis, 185 

Processus vermiformis, 236 

Prochordal cartilages, 57 

Pronation, 108 

Pronephric duct, 296, 303 

Pronephros, 296, 298, 302 

Pronucleus, male and female, 3,' 4 

Proteus, eyes, 186 

Protocercal tail, 38 

Protoplasm, 3 

Protopterus : — dermal denticles, 31 ; ver- 
tebral column, 35 ; skull and pectoral 
fin, 68 ; pelvis, 92 ; abJominai pores, 
267 ; urinogenital organs, 313, 314 

Protovertebraj, 9, 56 

Proventriculus, 233 

Psalterium, 236 

Pseudobranch, 250 

Pseudo-turbinal, 175 

Pterodactylus: — ^abdominal ribs, 50; manus, 
106 

Pterygopodium, 327 

Pubis, 93—99 

Pulp-cavity, 213 

Pupil, 183, 188 

Purple, visual, 190 

Pyloric caeca, 229 

Pyloric portion of stomach, 234 

Pyi-amids of kidney, 308, 310 



Quill, 22 



Q. 



11. 



Radiale, 104 

Radii, of fins, 99 

Radius, 104 

Rana : — alimentary canal, 232 ; liver and 

pancreas, 241 ; laryngo* tracheal cartilages, 

25i 



Ranodon : — development of vertebral 

column, 40 
Rattlesnake, poison-apparatas, 221 
Receptaculum chyli, 293 
Recdssus cochleae, 197 
utriculi, 196 
vestibuli, 195 
Rectum, 209, 228—236 
Reproduction of tail in Lizards, 43, 292 
Resonance-cavities, 257 
Respiratory organs, 245 — 265 
Respiratory tube, 246 
Rete Halleri, 327 
Rutia niirabilia, 292 
Retina, 182, 189 

Rhamphorhynchus, manus, 106 j 
Rhinolophus, milk-teeth, 213 
Kibs, 48—51 
Ribs, abdominal, 50 
Rodentia, milk-teeth, 213 
Rods of retina, 190, 191 
Root-sheaths of hair, 24 
Rostrum of skuU, 58, 65 ' ' 
Ruminant stomach, 235, 236 



S. 



Sacci vasculosi, 136, 142 

Sacculo-cochlear canal, 198 

Sacculus, 195 

Saccus eiidolymphaticus, 205 

Salamandrina, development of vertebral 
column, 40 

Salmonidse : — intestinal valve, 229; ab- 
dominal pores, 267 

Sarginse, teeth, 214 

Scaia vestibuli, tympani, and media, 193 
204 

Scales, 18, 32 

Scapula, 87—94 • 

Scapus, 22 

Scarf skin, 16 

Scai*us> teeth, 214 

Schizocoeles, 9 

Sclerotic, 184 

Scrotal sacs, 326 

Scyllium, number of vertebrae, 37 

Segmental duct, 296, 303 

Segmental sense-organs, 168 

Segmentation of ovum, 4 

Semicircular canals, 195 

Seminal duct, 301 

Seminal tubes, 327 

Semnopithecus, number of caudal vertebrse, 
47 

Sense-capsules, 58 

Sensory organs, 162 — 207 
of integument, 163, 194 

Seusory tubes and sacs,- 166 

Septum, interorbital, 57, 76 

Septum, oblique, 259 

Sesamoids, 110, 113 

Shark, intestinal tract, 220 
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Sheath of Schwann, 129 

Shrew, milk-teeth of, 213 

Sinus : — frontal, ethmoidal, and sphe- 
noidal, 176; maxillary, 172, 176, 178 

Sinus superior of membranous labyrinth, 
196 

Sinus venosus, 269 

Sipbonops, viscera, 305 

Siren : — homy teeth, 214 ; intestinal 
tract, 232 ; trachea, 253 

Sironia : — palatal plates, 27 ; milk-teeth, 
213 

Skeletogenous layer of vertebral column, 
33 

Skeleton, 30—111 

Skin, 16 

Skinks, pectoral arch of, 90 

Skull, 54—84 

bones of, 61 : — alisphenoid, 75, 79 
basioccipital, 75, 76 ; basisphenoid 
75, 76, 79 ; basitemporal, 78, 79 
epipterygoid, 78 ; ethmoid, 80 ; ex 
occipital, 72 — 77 ; frontal, 70, 75 
frontoparietal, 74 ; jugal, 83 
maxilla, 69 — 79 ; mesopterygoid 
69 ; metapterygoid, 69 ; orbito 
sphenoid, 75 ; palatine, 69 — 79 
palatopterygoid, 61 — 72; palato 
quadrate, 61 — 72 ; parasphenoid 
57, 66—72, 80 ; parietal, 70—79 
premaxilla, 69 — 82 ; prefrontal, 76 
77 ; presphenoid, 78, 80 ; pterygoid 
69—81 ; quadrate, 61, 70—79, 202 
quadratojugal, 72, 74 ; squamosa] 
71—83 ; supraoccipital, 68, 69, 76 
77, 79 ; symplectic, 61, 66, 69, 70 
transverse, 75 — 77 ; turbinals, 81 
172, 175—177 ; vomer, 69—79 
bones of mandible : — angular, 70, 76 
79 ; articular, 70, 76, 79, 202 ; coro 
noid, 70, 84, 87 ; dentary, 70, 76 
79, 84 ; splenial, 78, 84 ; supra 
angular, 78, 79 

Somatopleure, 9 

Somites, 9, 54 

S^)atularla : — vertebral column, 35 ; ribs, 
48 

Spelerpes, tongue, 74, 223 

Spermatozoa, 3, 300 

Sphincters of intestine, 209 

Spina scapulae, 91 

Spinachia, nest of, 302 

Spinal cord, 129 

Spinal nerves, 152 

Spiracle, 65, 198, 246 

Spiral valve of intestine, 229 

Splanchnopleure, 9 

Spleen, 294 

Spots, blind and yellow, of retina, 189, 
190 

Spouting apparatus of Oymnophiona, 179 

Squalidee, connection oi skull with ver- 
tebral column, 64 

Squatina, number of vertebne, 37 



Stapes, 70, 198, 202 

Stegosauius : — dermal skeleton, 32 ; brain, 

147 
Stomach, 209, 228—236 
Stork, thymus and thyroid, 227 
Stylo-hyoid ligament, 84 
Stratum comeum and Malpighii^ 16 
Stmcturol elements, 1 
Subdural space, 136 
Sublingua, 223 
Sub-pulmonary chai^iber, 259 
Suctorial organs, 85, 212 
Sulci, 132 
Supination, 108 
Suprarenal bodies, 161, 320 
Suspensorium, 65, 70 
Sympathetic, 160 
Symphysis pubis, 98 
Syrinx, 255 



T. 



Tactile cells, 167 
corpuscles, 168 

Tamandua, cervical vertebrae, 46 

Tapetum, 186 

Tarsus, 102, 105—109 

Taste, organ of, 167 

Teats, 27 

Teeth, 212—220 

Teeth, homy, 214 

Telse choroidefe, 136 

Temporal fossa, 83 

" Tentacle," of Gymnophiona, 179 

Testis, 311—326 

Testudo : — dermal skeleton, 32 

Thecodont dentition, 215 

Thoracic duct, 293 

Thj-mus gland, 226 

Thyroid cartilage, 255 — 257 

Thyroid gland, 225 

Tibia, 104 

Tibiale, 104 

Tibio-tarsus, 107 

Tissues, 1 

Tongue, 222 

muscles of, 119 

Tonsils, 239, 293 

Tooth-structures, 62 

Torpedo, electric or>{an, 124 

Trabeculae cranii, 57, 70 

Ti-achea, 252 

Tragus, 198 

Trigla : — ^spinal cord, 131 

Triton, dorsal fin, Q5 

Truncus arteriosus, 269, 279, 280, 282 

Tuberculum impar, 225 

Tubules, of kidney, 296 

Tunica vaginalis, 326 

Tupaia, abdominal muscles, 117 

Turbinals: — of Amphibians, 172; of Rep- 
tiles, 174 ; of Birds, 175 ; of Mammals, 
81, 176 



V' 



INDEX. 







345 



Tusks, 220 

Tympanic membrane and cavity, 73, 198 
TympaQO-Eastachian passage, 227, 246 
Typhlops, skull, 78 



U. 



Ulna, 104 
Ulnare, 104 
Umbilical cord, 276 

vesicle, 12 
Umbilicus, 276 
Unciform bone, 109 
Uncinate processes, 50 
Ungulata : — cervical vertebrae, 46 ; orbit, 

83 ; brain of Eocene forms, 1 51 
Uraclms, 275 
Ureter, 299, 301, 322 
Urethra, 276, 309 

Urinary bladder, 231, 276, 307, 308 ; of 
Fishes, 302 

duct, 302, 314 

organs, 302—310 
Urinogenital duct, 301, 807, 814, 816 

organs, 296—330 

sinus, 322 
Urostyle, 42 
Uterus, 276, 302, 311, 321, 322 

masculinus, 195 



V. 



Vagina, 302, 322 

Valves, atrio-ventricular, 279, 287 
of conns arteriosus, 279 
ileo-colic, 209 
pyloric, 209 
semilunar, 286, 287 
of veins, 292 
of lymphatics, 293 
Vane, 22 
Vas deferens, 301, 327 

epididymis, 327 
Vasa centralia nervi optici, 183 

efferentia, 306, 316, 327 
Vascular system, 268 — 294 
Veins : — allantoic, 273, 274, 291 ; anterior 
abdominal, 291 ; azygos, 272, 275 ; 
branchial, 270, 279—283 ; cardinal, 
anterior and posterior, 271, 272, 275, 
280, 291 ; caudal, 35, 270, 291 ; coro- 
nary, 275, 287 ; ductus Cuvieri, 271, 
273, 280 ; ductus venosus, 270, 273, 



274 ; hepatic, ^27Tr'275, 291 ; hypo- 
gastric, 275 ; iliac, 275 ; jugular, 272 — 
275, 285, 292 ; lateral, 291 ; omphalo- 
mesenteric, 270, 273, 274; portal 
(hepatic), 272, 274, 291, (renal). 161, 
291 ; postcaval, 272—275, 291 ; precaval, 
274, 275, 282, 292 ; pulmonary, 270 ; 
renal, 275 ; subclavian, 274, 275, 285 ; 
subintestinal, 270, 272 j umbilical. 276 ; 
vertebral, 272--275 ; vitelline, 270, 273, 
274 

Velum, 246 

Velum palati, 209 

Venous system, 291 

Ventricles of heart, 269, 277, 285—287 

Vertebral column, 33 — 47 

Vertebrarterial canal, 46 

Vesicles, cerebral, 131 

Vesicula seminalis, 307, 327 

Vestibulum oris, 212 

Villi of intestine, 211, 240 
of placenta, 10, 274 

Viper, teeth, 216 

Vitelline membrane, 2 

Vitellus, 2 

Vocal chords, 253, 257 

Vocal sacs of Anura, 253 



Weasel, stomach, 235 
Wolffian body, 296 
Wolffian duct, 301, 303, 304, 322 
Woodpecker: — cervical vertebrae 46; 
tongue, 223 



X. 



Xiphoid process, 53 



Yolk-sac, 12 
Ypsiloid cartilage, 93 



Zootoca, teeth, 215 
Zygantra, 43 
Zygosphenes, 43 
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